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Preface 


Decision making for environmental regulation involves a number of 
steps in which scientific and engineering data are gathered and analyzed for 
the purpose of assessing the risks, benefits, and costs of alternative courses 
of action. For parties with interests in the ultimate decisions, including the 
regulatory authorities, other governmental bodies, and private organizations, 
describing the state of understanding of risks, costs, and benefits is vitally 
important. While technical understanding generally will not exclusively 
determine the outcome of the regulatory process, this information is central 
to assessing the risks and devising alternative mitigating strategies, if any, 
from which the decision-making process may choose. No one would argue 
that environmental regulation, if not determined by the best scientific and 
engineering understanding, should not at least be based on it. 

In a typical case, the scientific and engineering information that is 
available about a particular environmental issue is vigorously debated among 
the parties at interest and within the government. Eventually decisions are 
taken, often after intense bargaining or negotiation about the applicability 
or interpretation of data. The process can be difficult, complex, time-con- 
suming, and agonizing, particularly for the ultimate decision maker. 

The results of the decision-making processes are regulations that serve 
to implement the respective laws under which authority the regulations are 
issued. Ideally, the regulations reflect in some way our best technical un- 
derstanding at the times at which the particular decisions were made. 

A fundamental characteristic of scientific and engineering knowledge, 
however, is that our understanding may change as new data become avail- 
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able. Research and development are undertaken to create new data. or 
example, the latest diagnostic techniques are developed to obtain ever m re 
sensitive measurements; the results are more detailed, presumably reflect ig 
better understanding of the occurrence of substances in the environmeni is 
well as their effects. Thus, as long as research and development contin e, 
circumstances will inevitably arise in which the technical basis for spec ic 
regulatory decisions will be superseded by better understanding that ci Is 
into question the continued validity of the basis of earlier decisions. 

Examples, taken from the daily news, abound: asbestos, chlorofluo i- 
carbons, dioxin, lead, radon, tropospheric ozone, disinfection of drink ig 
water, and more. In some cases, the latest information suggests that ri :s 
are less severe than previously thought; it now appears, for example, t it 
the risks associated with exposure to asbestos dust depend on the type )f 
asbestos, information not available at the time current regulations govemi g 
asbestos were adopted. In other cases, new data indicate that risks ; e 
greater than previously thought; such has been the case with the history d 
our understanding of the consequences of exposure to lead. 

Many environmental laws recognize the changing nature of the tech - 
cal understanding of environmental problems. Some provisions authori e 
research and development programs as means for improving the basis 1 r 
regulation over time while others were intended by their framers to provi e 
incentives for the development of improved, more cost-effective techm - 
ogy, which can also change the base of data on which regulatory decisio s 
are founded. 

The Clean Air Act, for example, provides a regular schedule for reco - 
sidering the National Ambient Air Quality Standards, inherently assumi > 
continuous improvement in our understanding of the sources, fates, a: 1 
effects of the criteria pollutants. Several pieces of legislation incorport ; 
technology-based provisions, such as by requiring the regulatory authoriti 5 
to identify the best available or most cost-effective emissions or effluei - 
control technologies or the best monitoring techniques, which holders F 
permits must then employ. 

It is apparent, however, that reconsidering earlier decisions in light F 
new technical understanding has proven in practice to be as daunting i 
challenge as the original decision making itself, if not more so. The amb • 
ent air quality standards have not been reviewed as required by statute, ai 1 
evidence is scant that the various technology-based performance standan ; 
have provided incentives for innovation as their respective authors antic ■ 
pated. 

Why? How does the environmental regulatory system, in practice, tal : 

account of changes in technical understanding? Does experience sugge ! 
the existence of thresholds that act as barriers to reconsideration of earlii 
regulatory decisions? What factors influence administrative decisions 1 
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undertake reconsiderations? When might constancy be more important than 
revision? Does the system work as well as might be expected, or are 
improvements warranted? 

This volume is based on a symposium organized to address these and 
similar questions about the ability of the regulatory system to respond to 
changing technical understanding of risks, benefits, and costs. The sympo- 
sium was organized under the direction of a steering committee appointed 
by the National Academy of Engineering. Names and biographical sketches 
of the committee members are included elsewhere in this volume. 

The symposium focused on practical experience as detailed in a series 
of case studies commissioned for this purpose. The introduction is based on 
the text of the keynote address, delivered by Robert M. White, president of 
the National Academy of Engineering. The bulk of this volume comprises 
the case studies, revised by their respective authors in light of the discus- 
sions among participants in the symposium. The volume also contains two 
additional essays. One, by Richard D. Morgenstern, director of the Office 
of Policy Analysis of the U.S. Environmental Protection Agency, is on the 
interplay between science and regulation. The other, summarizing lessons 
learned from the case studies and discussions at the symposium, was pre- 
pared by J. Clarence (Terry) Davies, a member of the steering committee. 
Both essays are written versions of talks presented orally at the symposium. 

The case studies were selected by the steering committee to range across 
a broad spectrum of environmental issues and to illustrate regulatory ap- 
proaches under laws dealing with air quality, water quality, safe drinking 
water, and hazardous substances. The objective was to draw lessons from 
across the particular examples to illuminate the more general issues. The 
case studies mcluded examples of decision making for exposures (by-prod- 
ucts of the disinfection of drinking water, dioxin, formaldehyde), for com- 
pliance with ambient standards (tropospheric ozone, surface water quality) 
and for the performance of technology (municipal waste combustion). In 
addition, one case study, on acid precipitation, was commissioned to exam- 
ine the relationships between a dedicated federal research program and the 
development of regulatory policy through legislation. 

The symposium, held in Washington, D.C., on 11-12 February 1993, 
was sponsored by the National Academy of Engineering as part of a series 
of activities in its program on Technology and the Environment. The steer- 
ing committee identified the topics for the case studies, supervised their 
preparation, obtained peer reviews of the resulting papers, and organized 
the symposium. The committee also asked a number of people to serve as 
discussants for the respective papers to stimulate comments, observations, 
and critiques by participants at the symposium. 

On behdf of our colleagues on the steering committee, we wish to 
extend special thanks to the case study authors and the discussants. The 
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authors are identified with their papers. The discussants were William F. 
O’Keefe of the American Petroleum Institute, Louis E. Sage of the Acad- 
emy of Natural Sciences of Philadelphia, B. Kent Burton of the Integrated 
Waste Services Association, R. Rhodes Trussel of James M. Montgomery 
Engineering, Frank Mirer of the United Auto Workers, and Dwain Winters 
of the U.S. Environmental Protection Agency. 

We also wish to express our sincere appreciation to the National Acad- 
emy of Engineering for its leadership and financial support and to its able 
program staff for facilitating our work and shouldering the admmistrative 
and editorial burdens involved in bringing the symposium and this book to 
life. We are specially indebted to Deanna Richards, senior program officer 
for technology and environment, and Terrie Noble, administrative officer 
for the symposium. 

Charles O’Melia Myron F. Uman 

Chairman, Steering Committee Project Officer and Editor 
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Introduction: Environmental Regulation 
and Changing Science and Technology 


Robert M. White 


Accommodating environmental regulation is in many cases an engi- 
neering task that can add significant costs in the production of goods and 
services as it protects environmental values. How such costs are distributed 
is itself a contentious issue, as amply demonstrated by the estimate of costs 
of the recent amendments to the Clean Air Act. When environmental regu- 
latory costs turn out in retrospect to have been unwarranted because regula- 
tory decisions were based on inadequate or inaccurate scientific informa- 
tion, it’s only natural to express concern, since costs will have been borne 
without deriving the projected environmental benefits. 

The question under discussion in this volume — how does changing sci- 
entific, engineering, and economic understanding precipitate reconsidera- 
tion of earlier environmental decisions? — lies behind current headlines about 
environmental issues. For example, the New York Times for Sunday, 7 
February 1993, carried a thoughtful article on the proposals of the new EPA 
administrator, Carol Browner, to reconsider the Delaney Clause, the part of 
the Federal Food, Drug, and Cosmetic Act that strictly bans from food any 
substance that has been shown to cause cancer in laboratory animals.^ Since 
its passage, the technology for measuring trace substances in food has im- 
proved tremendously, and we have become much more sophisticated in our 


This paper was prepared in close collaboration with Myron F. Uman, who served as project 
officer for this symposium. Dr. Uman is assistant executive officer for special projects of the 
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understanding of risks. We now appreciate more fully that difficult trad - 
offs must be made among alternative risks and that some risks are a t 
unreasonable to accept. According to newspaper reports, Ms. Browner h - 
lieves that the time has come to change the Delaney Clause in light f 
current understanding. 

In a recent editorial in Science magazine, Phil Abelson wrote about t 5 
phenomenon of “regulation gone amok.”^ He quoted some statistics tha [ 
found mind-boggling. He pointed out that there are 59 regulatory agenci 5 
with about 125,000 employees at work on 4,186 pending regulations. 1 ; 
also reported that the fastest growing component of regulatory costs is em - 
ronmental regulation, which in 1991 amounted to $115 billion and is slat 1 
to grow by more than 50 percent by the year 2000. 

Abelson’s concern was directed not at the costs of regulation per se, b t 
at the costs of regulations that, on the surface, appear to be unwarranted 1 
light of the benefits derived. Abelson cites as an example the application f 
national standards for contaminants in drinking water with results that a - 
pear nonsensical under certain local conditions. One locality is being i - 
quired to make large investments in equipment to remove contaminar 5 
from water that already meets the standards for those substances. 

Abelson’s editorial touches on the difficulty of applying national sta - 
dards across a diverse country. Issues of this type arise in two of the ca i 
studies presented in this volume, one on compliance strategies for meetii ; 
ambient ozone standards in urban areas across the country, and the other i i 
meeting ambient water quality standards in Chesapeake Bay. The conflic s 
between national standards and regionally variable implementation rai ; 
important issues in their own right. For current purposes, however, I on 1 
raise them to illustrate the potentially enormous implications of enviro - 
mental regulations — and hence the importance and difficulty of making soui 1 
decisions. 

I write of these issues as one who has been in the trenches administe - 
ing regulatory processes. In one of my previous incarnations, as the fii t 
Administrator of the National Oceanic and Atmospheric Administration 1 
was the responsible federal official for regulation of the U.S. ocean fisheri 3 
and of other living marine resources. Although fisheries management a: 1 
protection of marine mammals constituted only 10 percent of our budg^ , 
regulatory oversight and its attendant political ramifications occupied ) 
percent of my time. 

Regulating the take of fish or protecting porpoises and whales, like ; 1 
presumably rational environmental regulation, is a matter of weighing S( - 
entific information about causes and effects against legislated criteria 1 r 
regulatory action. Legislated criteria are generally an amalgam of scienti; : 
knowledge and the value judgments of our representatives in the legislatu: . 
In the real world, uncertainty clouds not only the scientific interpretation f 
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the evidence and the economic and social costs of action but also the inter- 
pretation of the intent of the law. 

Lurking, ready to pounce on decisions whichever way they go, are the 
affected constituencies. Depending on the intensity of public concern and 
the political clout of the various parties at interest, the consequences for the 
regulator can be unenviable, not to mention the consequences for the envi- 
ronment and the affected constituencies. 

While the kinds of regulatory decisions that I had to make were differ- 
ent in some cases from the regulation of toxic emissions or effluents, we 
also were confronted by the infamous “mercury in fish” scare. The cause 
was believed to be heavy-metal discharges by industry into the oceans. In 
the West Coast halibut fishery, the result was the prohibition on the take of 
fish above a certain size because the concentration of heavy metals in fish 
increases with age and size. The same was true for swordfish. By examin- 
ing museum specimens, however, we later found, except in certain circum- 
stances, such as at Minamata, that the mercury in ocean fish was not a result 
of industrial pollution of the oceans but reflected natural levels. 

The environmental case studies presented in this volume reflect the 
dilemma of regulation in the face of uncertain and changing scientific knowledge. 
I would like to probe this dilemma more thoroughly. 

On the one hand, all regulatory policies promulgated legislatively or by 
executive actions are based on scientific and technical information that is 
only a snapshot of our knowledge at the time of decision. Our scientific 
understanding and our technologies for measurement or remediation are 
continuously changing, however, sometimes at a very rapid rate, unfettered 
and uninfluenced by the politics of the moment or constituency concerns 
except as politics might affect federal funding for research and develop- 
ment. 

Regulation, on the other hand, changes slowly. This is true not only 
because of the ponderous nature of the legislative and regulatory process, 
but also because constituencies who have achieved real or imagined gains 
fear losing them if regulations are conformed to the latest scientific infor- 
mation. The institutions that must comply with regulations, such as indus- 
try, value regulatory stability highly because the overall costs of compliance 
can be increased by rapid changes in understanding and technology. 

We are all familiar with the cases in which new understanding or tech- 
nological approaches have revealed that regulation should be changed — in 
some cases tightened and in others loosened. Lead is the classic example in 
which our improved scientific understanding of health effects and our in- 
creased ability to measure ever-lower concentrations have resulted, and ap- 
propriately so, in more comprehensive regulation of lead in all human ac- 
tivities — in fuels, paints, pipes, dinnerware, etc. In other cases, improved 
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come when the technical basis for a particular decision no longer represents 
the best available scientific, engineering, or cost data. 

Some national environmental legislation recognizes the dynamic nature 
of the technical basis for regulation. In some cases, it mandates research 
and development programs to improve the data base. In other cases, it 
provides incentives for the development of new, more cost-effective tech- 
nology. In still other cases, legislation explicitly includes schedules for 
reconsidering specific regulatory decisions. 

The National Academies of Sciences and Engineering have been in- 
volved in such periodic reviews. In the early 1970s, when the stratospheric 
ozone layer was thought to be threatened by the NO,, emissions of super- 
sonic aircraft, a substantial stratospheric research program was initiated by 
the Department of Transportation and several other agencies. The Acad- 
emies were asked to help with a series of biennial assessments of the latest 
scientific knowledge of stratospheric ozone and the causes of its variability. 
The sequence of those reports revealed the changing nature of our under- 
standing of the photochemistry of the stratosphere and the effects of nitro- 
gen and chlorine on stratospheric ozone concentrations. Because our under- 
standing of the chemical and physical processes was changing rapidly at 
that time, the best estimates from several successive assessments lay outside 
the error bars of the previous respective assessment. No wonder policymakers 
were confused and reluctant to act, until the so-called ozone hole was ob- 
served over Antarctica. 

Another set of issues arises when the government organizes large scien- 
tific and technological research programs to improve the basis for decision 
making. The acid rain case is an excellent example of an attempt by the 
Congress through legislation to develop the necessary scientific knowledge 
on which to base recommendations. The National Acid Precipitation As- 
sessment Progr am (NAPAP) b egan in the early 1980s with all the best inten- 
tions. Hundreds ot millions of dollars were invested in improving under- 
standing of the causes and consequences of acid rain. Our understanding of 
acid rain was greatly improved, but it is not at all clear that NAPAP pro- 
vided, on a timely basis, the relevant information that Congress wanted in 
order to set acid precipitation policy. 

It is well and good that we want to base environmental regulations on 
the best available technical understanding, but we need to recognize that 
that understanding is inherently dynamic. We need to build into the struc- 
ture of the regulatory system means for reconsidering earlier decisions if 
and when our understanding changes sufficiently to call earlier decisions 
into question. On the other hand, it is impractical to attempt to revise 
regulations continuously in response to new, presumably better data. For 
one thing, the decision-making process itself is very demanding of the time, 
energy, and other resources of both the regulatory agency and the affected 
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parties. Much effort, including independent reviews and often intf 
gotiations among the parties, goes into the effort. We cannot afl 
continuous and considerable commitment of resources required. 

Perhaps more important, as desirable as it is to have regulations 
based on the best, most current technical understanding, it is also d 
to have a stable regulatory regime within which the affected pari 
intelligently plan to come into compliance and implement their pi 
they know what is expected of them, most firms will strive to < 
However, doing so not only takes time but also involves capital e 
Withm their frameworks for planning and executing capital investir 
pollution abatement technology or alternative production processes c 
uct formulations, regulated industries prefer— and deserve— predictable 
tory regimes. 

We have then two characteristics that we all would agree the ei 
mental regulatory system should exhibit: it should keep pace with c 
in our understanding of the technical aspects of the issues, and it 
remain stable on a time scale sufficient for regulated parties to compi 
some measure of economic efficiency. It is evident that these two i 
tive characteristics can be, and frequently are, in conflict. 

It IS not unusual for scientific discoveries or economic conditi 
change our understanding of the relative risks, benefits, and costs of i 
tion faster than industry can innovate, develop, and install improvem( 
pollution control or production technologies. We may not be able to i 
when our technical understanding will change, but we can reasonabl 
diet that occasions will indeed arise in which it changes much more q 
than we might have thought— and more quickly than can be readily a 
modated by affected parties. ^ 

How quickly or on what time scale should we either expect or i 
changes in regulation as a consequence of new scientific, engineerii 
economic understanding? Is there a threshold for change, an accumu 
of new understanding which, when reached, should trigger a respon 
the regulatory system? When is the legitimate desire of the regulated i 
try for stability an appropriate barrier to change? 

The primary question of policy is this: Does the current environn 

regulatory system strike an appropriate balance between dynamic cl 

and stability? As my colleagues and I thought about this questioi 

'^Wle the regulatory combatants have 

svstem h attempts to analyze hoi 

system has been working in practice. 

We know, for example, that the national ambient air quality stan, 
for the criteria pollutants have not been reviewed on the five-year cych 
IS mandated in the Clean Air Act. Why? Is it because new data or impi 
technical understanding has not developed on this time scale, or becaus 
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affected industries need longer periods over which the standards remain 
constant, or because the investments of time, personnel, and other resources — 
including political capital — are too great to repeat the decision-making pro- 
cess this frequently? Should this provision of the Clean Air Act be changed? 

To take another example, several pieces of environmental legislation 
contain provisions that, at the time they were adopted, were intended to 
provide incentives for innovation in pollution control technology. The de- 
velopment and demonstration of improved technology were thought to com- 
pel reconsideration of performance standards for abatement, at least in some 
cases. Did the provisions work as intended? 

When many of these provisions were enacted, the technological focus 
in environmental affairs was on pollution control, that is, on end-of-pipe 
treatment. More recently, the focus has been on pollution prevention, that 
is, on product reformulation or process redesign. How does this change in 
focus affect regulatory decision making on performance standards? Are 
changes warranted in the provisions themselves? 

This volume is about keeping pace with changing technical understand- 
ing in environmental regulation. Its purposes are to shine a spotlight on the 
competing demands for keeping regulations in step with current knowledge 
and for maintaining regulatory stability and to serve as a catalyst for further 
consideration of and debate about the appropriate balance between these 
goals. My hope is that the case studies and essays in this volume will 
stimulate additional analytic examination of current policies and past prac- 
tices, leading to a better understanding of whether the current regulatory 
system does about as well as can be expected or, if not, what alternatives 
might be considered. 


NOTES 

1. Keith Schneider. A trace of pesticide, an accepted risk. The New York Times, 
7 February 1993. 

2. Philip H. Abelson, Regulatory risks. Science 259(8 January 1993): 159. 
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Pp. 8-38. Washington, DC; National Academy Press. 
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is concerned with the relationship between environmental research by the 
science community and the formulation, implementation, and evaluation of 
nutrient control strategies by the management community.^ We will not 
explicitly treat such important problems as water use, the enforcement of 
government regulations, or the development of a new social ethic for the 
public stewardship of natural resources. We ask the question, “How and 
why does the management community respond (or not respond) to new 
scientific information on the causes and consequences of nutrient loadings 
to surface waters?” 

Since the flow of information between the research and management 
communities is neither one way nor linear, we must also be concerned with 
the response of the research community to the needs of management. The 
interplay among the research and management communities characteristi- 
cally involves feedbacks between different levels of government (local, state, 
and federal), public and private institutions, citizens’ groups, and individu- 
als. The complex nature of these interactions and the current compartmen- 
talization of ecology and economics into opposing forces create an inertia 
that reflects both the bureaucracy within which the research and manage- 
ment communities are imbedded and the multiple ecological, economic, and 
social interests that management agencies represent. 

For this case study, we have selected the Chesapeake Bay. As for most 
of the nation’s coastal ecosystems, nutrient loading to the watersheds of the 
main Bay and its tributaries (Figure 1) has increased substantially in the 
decades since World War II, largely as a consequence of rapid population 
growth and increases in agricultural fertilization, the density of farm ani- 
mals, and atmospheric inputs. This has been a matter of increasing concern 
throughout the Chesapeake Bay watershed, especially in the states of Mary- 
land and Virginia, the economies of which are closely tied to the Bay and its 
resources. Perhaps as a consequence of this and its proximity to Washing- 
ton, D.C., the Bay has been the subject of much political and scientific 
attention and controversy since the early 1960s. For these reasons, and 
because the responsibility for nutrient management resides with individual 
states, our analysis of the relationship between science and management 
will focus on the state of Maryland. We hope to show how uncertainty, the 
availability of cost-effective solutions, and forces inherent to the conduct of 
the science and management communities have interacted to (1) limit the 
information exchange critical to the objectives of both communities and (2) 
inhibit the timely development and implementation of comprehensive nutri.- 
ent management strategies. 

The environmental effects of anthropogenic nutrient^ enrichment (cul- 
tural eutrophication) began to receive national and international attention in 
the 1960s with major efforts to control nutrient loadings and continued 
during the 1970s to the present. In the Chesapeake region, the main event 
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FIGURE 1 Drainage basin of Chesapeake Bay. 


during this period was the U.S. Environmental Protection Agency (EPA 
Chesapeake Bay Study mandated by Congress in 1976, implemented i: 
1977, and completed in 1983 with the release of the Chesapeake Bay Pro 
gram reports: A Profile of Environmental Change (EPA, 1983d), Finding 
and Recommendations (EPA, 1983b), and A Framework for Action (EP/s 
1983c). The implementation of this study and the publicity that surrounde 
its completion had a major impact on the perspectives of both science an 
management communities and on the interplay between them, much of whic 
was (and is) modulated by public interest and political pressure. Thus, fc 
the purposes of our analysis, we divide our narrative of the sequence c 
events into the “formative” years prior to the EPA Bay Study (1965-1977' 
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the period of the EPA Bay Study (1977-1983), and the “action” years fol- 
lowing the Bay Study (1983-1992) (see Figure 2). 

THE FORMATIVE YEARS 

Nationally, the perception of eutrophication as a water quality problem 
was largely based on studies of the effects of nutrient loading to freshwater 
systems in which phosphorus (P) is usually the controlling nutrient (Ameri- 
can Society of Limnology and Oceanography, 1972; National Research Council, 
1969). Vollenweider (1968, 1976) published his widely accepted model of 
phosphorus limitation in lakes, an empirical analysis that also appeared to 
be applicable in concept to estuaries where marine and freshwaters mix 
(Ketchum, 1969). The generality of Vollenweider ’s model for lake systems 
was vividly demonstrated through the experimental manipulation of lakes in 
Canada (Schindler, 1974). Schindler (1977) went on to show that lake 
communities are able to compensate for deficiencies of nitrogen (N) and 
carbon through gaseous exchange with the atmosphere, and that attempts to 
control nitrogen loading may actually degrade water quality because they 
may result in the growth of noxious blue-green algae (which are capable of 
fixing nitrogen). In contrast, research in marine systems was beginning to 
produce evidence that N, not P, is the principal nutrient limiting primary 
production (Ryther and Dunstan, 1971). However, despite new scientific 
evidence that N-control would also be necessary (see Boynton et al., 1982; 
Nixon and Pilson, 1983), nutrient management in the Chesapeake region 
through the 1970s and into the 1980s was dominated by the growing body 
of evidence for phosphorus limitation in freshwater systems. 

Federal Studies and Legislation 

The Water Pollution Control Acts (also known as the Clean Water Acts, 
CWAs) of 1965 and 1972 reflected a growing concern over the pollution of 
lakes and rivers and the threat this posed to the nation’s water supply, living 
resources, recreational use, and aesthetics (see Figure 2). The 1965 CWA 
required the adoption of enforceable ambient water quality standards for all 
interstate waters. As in the past, the primary responsibility for nutrient 
management was vested in the states. In the 1972 amendments to the CWA, 
Congress drastically altered the nation’s management approach. It changed 
the focus from ambient water quality to effluent standards by calling for the 
nationwide implementation of secondary treatment. Technology-based per- 
formance standards became the basis of regulating nutrient (and other con- 
taminant) inputs, and federal funding to the states for the construction and 
upgrading of sewage treatment plants (STPs) was increased from 55 percent 
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Science and Eng ineering 

- NAS International Symposium on Eutrophication 

- Point source pollution: the upper Potomac 

■ ASLO symposium on nutrients and eutrophication 


- Effects of Tropical Storm Agnes publishecf- 

- Nonpoint source watershed workshop 

- EPA Chesapeake Bay study begins 

- EPA symposium on effects of nutnent 
enrichment in estuaries 


■ Chesapeake Bay Technical Studies* 

A Synthesis 

- Chesapeake Bay: A Profile of Environmental 
Change 

- Chesapeake Bay monitoring program; seasonal 
anoxia in the Chesapeake Bay 

- Catastropic 1984 anoxia in the Chesapeake Bay 
-STAC: 

- Nitrogen in groundwater 


1965 - 


-Sea Grant anoxia workshop 



figure 2 

program. 


Policy and Regul ation 

Federal Water Pollution Control Act 
■Federal Rivers and Harbors Act 

- Clean Water Restoration Act 

- Estuary Protection Act 

- First Govenoris Conference on Chesapeake Bay 

- Potomac-Washington Metro Area 
Enforcemant Conference 

- National Estuary Study 

- Workshop: Tri-County Council of Southern Marylan 

- Coastal Zone Management Act 

- Chesapeake Bay Status Report 
-Wasteload Allocation Study 

■ Bi-state Conference on the Chesapeake Bay 
Chesapeake Bay future conditions report 

- Chesapeake Bay Commission established 

- Patuxent “Charrette” 

Commission: Need to control 
both nitrogen and phosphorous 

- BMP cost-sharing program initiated 
■ Maryland enacts stormwater law 

'nutSoom,oX™'““ 

-Chesapeake Bay Program Findings and Recommends «• 

•• ■ Sand^^Sion 

Chesapeake Bay Restoration Plan 

- Maryland: Phosphate detergent plan 

- Reduction in federal matching funds for STPs 

■ - Maryland: Chesapeake Bay Trust established 

-Clean Water Act reathorized and amended 

-2n7craSa7yTS^ 

- Coastal Zone Act: Nonpoint-Source Nutrient Control 
• Patuxent: Limited nitrogen removal implemented 

■ Baywide nutrient reduction reevaluation* 

Agreement amended ’ 
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to 75 percent of capital costs. The act also outlawed all point-source dis- 
charges of contaminants and established a permit process for dischargers 
who could not meet this requirement. This was the National Pollutant 
Discharge Elimination System (NPDES), which set legal limits on the quan- 
tities of contaminants that could be discharged. The 1972 CWA effectively 
gave the federal government the enforcement power to regulate nutrient 
inputs to the nation’s surface waters. The responsibility for implementation 
remained with the states, which were mandated to report on water quality 
within their borders beginning in 1975. Stimulated by the availability of 
federal funds and guided by the prevailing “wisdom” calling for the control 
of point-source P inputs, a nationwide effort was set in motion to upgrade 
all STPs to secondary treatment, with advanced wastewater treatment for 
removing phosphorus as necessary. 

In addition to the CWAs, several studies were initiated by federal legis- 
lation during this period. The 1965 Rivers and Harbors Act directed the 
U.S. Army Corps of Engineers to conduct a comprehensive “study of water 
utilization and control of the Chesapeake Bay Basin,” including water qual- 
ity control. The 1966 Clean Water Restoration Act directed the Department 
of the Interior to conduct a study of estuarine pollution nationwide, and the 
1968 Estuary Protection Act directed Interior to “study and develop the 
means to protect, conserve, and restore” the nation’s estuaries. 

This legislation resulted in four important reports, which laid the foun- 
dations for and ultimately led to the EPA Bay Study: 

1. In 1969 the Water Pollution Control Administration reported on the 
adverse effects of nutrient enrichment in the tidal freshwater reaches of the 
Potomac and Patuxent rivers. 

2. In 1970 the Interior Department’s national estuarine study, conducted 
by the Fish and Wildlife Service, recommended that “An all-out cleanup 
program for the Chesapeake Bay area might serve as a national and even an 
international demonstration area, showing what can be accomplished by an 
enlightened public and a responsible Congress.” 

3. In 1973 the Corps of Engineers released its Chesapeake Bay Status 
Report in which water quality in the Bay was assessed as good, with local 
problems limited to the tidal freshwater reaches of some of the Bay’s tribu- 
taries. 

4. In 1977 the Corps presented its Chesapeake Bay: Future Conditions 
report (published in 1978) to the bi-state conference on the Bay. The report 
acknowledged the potential significance of excess nitrogen and phosphorus 
loading, listed (but did not quantify) major nutrient sources, and suggested 
that land use and nonpoint sources of nutrients are related. 

It is noteworthy that, although the Corps and Interior reports acknowl- 
edged the link between land use and nonpoint-source nutrient loadings, the 
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management community would not give control of nonpoint sourc 
attention until the late 1980s and early 1990s. This preoccupj 
point sources is evident in EPA’s 1975 report to Congress, which p 
overennchment from sewage to be a major problem in the natioi 
ies. The Chesapeake Bay was identified as being particularly v 
Under the leadership of Maryland’s Senator Charles McC Mai 
would cause the Congress in 1976 to direct the EPA to “undertal 
prehensive study of the Bay’s resources and water quality, and ti 
appropriate management strategies to protect this national resourc 


A lie \^iiesapeaKe Kegion 

In ±e midst of these studies and federal legislation, syn 
overennchment were appearing in Chesapeake Bay and its tributai 
the late 1960s and early 1970s. Massive algal blooms, oxygen 
and fish kills in the upper Potomac River were gaining the attent 
public and federal government officials in Washington, D C 
raised the issue of excess nutrient enrichment in general’ and N 1 
particular during the first Governor’s Conference on the Chesapea 
1968 (Jaworski, 1990). Nutrient distributions and historical recoi 
back to the 1930s indicated a trend toward increasing eutrophicat: 
upper reaches of the Bay and its tributaries (Carpenter et al 196 
et al 1970) Declines in the abundance of submerged aquatic v 
SAV) were documented in the Rhode River estuary (Southwick ; 
1968 Patuxent River estuary, and the main Bay (Bayl 

968 1978). Stevenson and Confer suggested (1978) that these 
might be related to decreased light because of excessive algal grov 
dence was also accumulating that wastewater inputs to the upper 

etTS in ihe lower Patuxen, 

■■ ^)' liie 1975 Wasteload Allocation Study, conducted by Hydi 

nc. under contract to the state of Maryland, concluded that P is the 
nutrient limiting phytoplankton production in the Bay and that the 
o from sewage wastes is the highest priority for improving watei 
At the same time, research on estuarine circulation highlighted the 

:.ri?7“a,Tr969y" 

The concerns of federal officials, scientists, and some local offi 
clearly documented by the Baltimore Sun. For example, U.S. Cong 

Sin^f nr !i Maryland claimed that the Bay is polluted 
point of public danger,” and an official of the U.S. Fish and Wildlife 
reported that the Bay “could be dead in five years” (April 23 196^ 

can t clean the Bay up, you’ve got to clean up the watershed” (Au: 
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1966). Congressman Rodgers Morton expressed concern that the Bay is 
getting worse (February 17, 1967), and the founders of the Chesapeake Bay 
Foundation charged that “ecologically, the whole Bay is in danger” (June 
19, 1967). Leading Chesapeake Bay scientists announced that “Nutrient 
pollution poses the greatest of all recognized threats to Chesapeake Bay” 
(L. Eugene Cronin, March 22, 1967) and that concerns over thermal pollu- 
tion from power plants are distracting the science and management commu- 
nities from the real problem, sewage pollution (Donald Pritchard, July 1, 
1970). During this period, a study released by the Baltimore Regional 
Planning Council concluded that excess N and P inputs from sewage, agri- 
culture, and natural sources were among the Bay’s most important pollution 

problems (November 5, 1968). , , i 

In contrast to the perspective of federal officials and reports by local 
scientists and citizens’ groups, state officials in Maryland insisted that the 
Bay was doing just fine. A representative of the State Board of Natural 
Resources referred to claims that the Bay is polluted and a public hazard as 
“irresponsible” (April 23, 1966). The Maryland Department of Chesapeake 
Bay Affairs issued a statement that “Bay water quality is good and getting 
better” (June 20, 1969), and Governor Marvin Mandel announced that “wa- 
ter quality rivals that of 25 years ago” (June 25, 1969). As late as 1977 
state management officials continued to claim that the Bay was healthy and 
that, with the exception of a few hot spots, changes in water quality were 
due to natural climatic cycles (February, 1911 , Baltimore Sun senes, “Chesapeake 
Still at Bay”). Thus, the governing body responsible for implementing 
nutrient control plans, the state, was the least receptive to scientific evi- 
dence indicating the early stages of baywide eutrophication. 


Control of Point Source Nutrient Loading 

In the late 1960s, Jaworski et al. (1969, 1972) documented long-term 
nutrient trends and related changes in the ecology of the upper, fresh reach 
of the Potomac. For the first time in the Chesapeake region, Jaworski et al. 
clearly demonstrated a relationship between nitrogen and phosphorus load- 
ing from municipal wastewater discharges and deteriorating water quality, 
and prescribed a program of advanced wastewater treatment to remove N 
and P, and lower biological oxygen demand (BOD), a measure of nutrient 
loading In 1969 the Potomac River-Washington Metropolitan Area En- 
forcement Conference agreed to set limits on the amounts of P and N th^ 
could be discharged into the upper estuary from STPs as well as on BOD 
levels (Jaworski, 1990). The agreement was achieved in part because the 
Washington metropolitan area was faced with a ban on new construction if 
no action was taken and in part because President Johnson, upon signing the 
1965 CWA, made restoration of the Potomac a national priority. Jaworski s 
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research provided the scientific basis for action, but the politics of the 
provided the leverage. By 1972 the Blue Plains STP, which discharges 
the tidal (freshwater) Potomac, had begun construction of an advanced wa 
water treatment facility to remove P and lower BOD. Implementation o 
removal was delayed, in part because the management community was ske 
cal of the need and in part because there was no cost-effective technolo; 

As this chapter in the Potomac episode was drawing to an end, a gi 
roots confrontation was developing in the Patuxent River watershed 
involved local politicians and scientists on one hand and regulatory ag 
cies of the state and federal governments on the other (Bunker and Hod 
1982). In 1971 a workshop involving university scientists and the T 
County Council of Southern Maryland concluded that the water quality 
the lower (salty) Patuxent River estuary had declined to unacceptable lev 
as a consequence of increases in municipal wastewater nutrient loadings 
the upper (fresh) Patuxent. Critical to this conclusion was the existent 
baseline” water quality data collected in the 1930s by university scientis 
Armed with this information and a commitment to restoring the Patuxe 
the Tri-County Council under the leadership of Senator Bemie Fowler t 
pealed to the state for action over the next five years (1972-1976) to 
avail. Finally, m 1977, the council filed suit against the EPA to halt t 
expansion of an upstream STP until an environmental impact stateme 
could be prepared. In 1978 the council again filed suit, this time agair 
both the state and EPA, claiming that the Patuxent River Basin Water Out 
ity Management Plan, which had been approved by EPA violated 13 of 
requirements of the 1972 Clean Water Act. The plan advocated P control 
the preferred advanced wastewater treatment method for controlling eutropi 
cation of the Patuxent. The council felt that N control was also needed 
position advocated by the Patuxent River Technical Advisory Group (TAG 
an ad hoc committee of prominent university scientists 

a- ?! of ‘he Tri-County Council ar 

? d!; prepare an environmental impact statement and the sta 

and EPA to prepare a new water quality plan for the basin. As part of th 
process, the state contracted with HydroQual, Inc. to assess the impact of 
se of nutrient control scenarios using a computer model. The model pr< 
dieted that P removal would be sufficient, a conclusion that the TAG did m 
agree with. Following an evaluation of the HydroQual model, the TA( 

created Offi! " fT Eichbaum (assistant secretary for the newl 

.Th i!f » of Environmental Programs, Maryland Department of Healt 
and Mental Hygiene, February 6, 1981) that, although the model “is at c 

Td w^T'thf modeling,” uncertainties associ 

TnT ?T '?°‘^®hng process “preclude the use of model projec 
ns as the sole foundation for a management decision of this nature ” 

At this point the state was in a bind. In the absence of an approve. 
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nutrient control plan, the federal government was threatening to withdraw 
funding to build and upgrade STPs on the river. Faced with the loss of 
millions of dollars, the state sponsored the Patuxent “Charrette” in 1981, a 
historic conference organized by Mr. Eichbaum. Using a time-constrained, 
conflict-resolution process to reach a consensus, the stalemate was broken, 
laying the foundations for the Patuxent River Nutrient Control Plan for 
controlling both point and nonpoint inputs of N and P. Like the Potomac 
plan, the Patuxent plan set limits on total N and P loadings to the river as a 
whole, and, again, economics was an important factor. Unlike the Potomac 
plan, which was restricted to the tidal freshwater reach of the system and 
was formulated quickly in response to new scientific information, the Patuxent 
plan was truly basinwide and took a decade of struggle and confrontation to 
develop. 


Control of Nonpoint Source Nutrient Loading 

A major event occurred in June 1972 that would have a delayed but 
dramatic impact on the subsequent course of nutrient research and manage- 
ment throughout the Chesapeake region. Hurricane Agnes arrived, inundat- 
ing the watershed with up to 18 inches of rainfall.^ The watershed as a 
whole (64,000 square miles) received over 5 inches in less than three days. 
Agnes served as a “lightning rod,” focusing research activities on a number 
of important questions, including the response of the Bay and its tributaries 
to nutrient enrichment (Cheaspeake Research Consortium, 1976). (The im- 
mense amount of water runoff carried with it large amounts of nutrients 
from nonpoint sources such as fertilizers and animal wastes.) The storm 
demonstrated the systemwide susceptibility of the Bay to nutrient enrich- 
ment. Major findings included large increases in nutrient levels caused by 
high runoff and erosion, and the realization that most of the large quantities 
of nutrients delivered to the Bay are retained within the Bay (rather than 
being exported to the ocean). Much of the nutrient input entered the sedi- 
ments and was released during subsequent years, resulting in unusually high 
phytoplankton production (Boynton et aL, 1982). In effect, Agnes brought 
important environmental issues before the public and primed the science 
and management communities for what was to become the EPA’s Chesa- 
peake Bay Study. 

Clark et al. (1973) made an early assessment of nonpoint nutrient inputs 
in the Chesapeake watershed. They reported that N runoff from agriculture 
was more than an order of magnitude higher than that from forested areas. 
These results were reflected in Maryland’s 1975 report to EPA (as required 
by the 1972 CWA), which emphasized point source inputs but also acknowl- 
edged that, “The heavy use of fertilizers and manure on the land results in 
some runoff to the streams.” In 1977 the National Science Foundation 
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(NSF) sponsored a major workshop on watershed research in North . 
at the Smithsonian Center for Chesapeake Bay Research in Edgewater, ]W 
Results presented at the workshop confirmed that nonpoint N input! 
major, if not the dominant, term in the N budget of the Bay. A 
managers from both state and federal agencies attended the wt 
workshop, more than a decade would pass before this reality woul 
to be incorporated into a management scheme specifically directei 
trient control. There was strong resistance by the management coir 
in general, and by agricultural interests (both scientists and manai 
particular, to the idea that farming practices are related to nutrient 
and water quality m the Bay. This resistance was expressed by the 
^ry of the Maryland Department of Natural Resources (DNR), Ja 
Coulter, who in referring to nonpoint nutrient sources, was quoted 
mg that, “There is more alarm than is necessary; it can be controlh 
just good housekeeping and old fashioned general sanitation” (Ba 
Sun, February 7, 1977). 

Unfortunately, this “common sense” approach relied heavily c 
management practices (BMP), which were intended primarily to mi 
toe loss of soil and thereby increase or sustain agricultural produ 
Because most P enters the estuary attached to particles, one by-proi 
this strategy has been to reduce nonpoint inputs of P. Despite earliei 
mgs (Walter et al., 1979) and information on loading rates (Jaworski. 
toat indicated that BMPs derived from soil conservation would hav 
impact on dissolved nutrients such as N, management planning contir 
stress problems of erosion, with little consideration for nutrient cont 
se. The significance of this was highlighted by studies in the Ch 
River basin (on the eastern shore of the Bay), which indicated that nc 
sources account for about 80 percent of N and 60 percent of P inputs ( 
and Stevenson, 1981). The emphasis on point-source nutrient control 
not begin to change until after the release of the results and concl 
from the Bay Study in 1982 and 1983. 

The fact that the Bay is imbedded in a large watershed (about 21 

surface area), which was being r 
modified by human activities, was not generally a part of managem 
scientific thinking at the time. Management was focused on point-! 
dischar^s, and funding for research tended to focus the science comn 
on the effects of sewage and thermal discharges. The problems of overe 
ment were thought to be restricted to a few local tributaries such i 
upper Potomac and Patuxent River estuaries, where point-source inputs 
c early related to the degradation of water quality. Despite the effei 
Tropical Storm Agnes and subsequent research findings, the baywid 
pacts of nonpoint nutrient loading were not broadly appreciated at this 
Agnes planted the seeds, but serious attempts to understand and cc 
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nonpoint sources would await the completion of the EPA Bay Study, the 
development of a comprehensive watershed (multistate) approach, and the 
results of research in the 1980s that would document the links between 
agricultural practices and nutrient loading. 

THE PERIOD OF THE EPA BAY STUDY 
Setting the Stage 

Largely in response to baywide declines in the abundance and harvest 
of living resources (e.g., submerged aquatic vegetation [SAV], oysters, and 
shad), Congress in 1976 directed the EPA to conduct a comprehensive, 
systemwide study of the resources and water quality of Chesapeake Bay and 
to recommend management plans to protect and restore this national re- 
source. At the same time, the Chesapeake Research Consortium (CRC, 
formed in 1974 to facilitate a coordinated, bay wide research effort) had 
begun planning for a Maryland- Virginia, bi-state conference on the Bay. 
Stimulated in part by the Chesapeake Bay Existing Conditions Report, re- 
leased by the Corps of Engineers in 1973, and the Corps’s 1977 Future 
Conditions Report (presented at the conference), leading scientists and managers 
met to discuss the major environmental issues of the day. Secretary Coulter 
opened the 1977 conference by describing the Chesapeake Bay as “a beauti- 
ful, productive body of water that provides a satisfying livelihood to many 
persons and boundless pleasure to many others.” He went on to caution the 
scientific community that “if, in our zeal to sell a program or carry a point 
of view we place in the public’s mind a picture of a dirty Bay, a Bay that is 
a threat to the health of fish and man alike, we will do great and needless 
harm.” 

It was in this context that leading scientists discussed the Bay environ- 
ment and concluded that anthropogenic nutrient inputs were the most seri- 
ous threat to the health of the Bay and acknowledged once again the impor- 
tance of nonpoint nutrient inputs. Consensus among scientists and managers 
could only be reached on two broad issues. First, the underlying causes of 
declines in living resources were uncertain; and second, there was a need 
for a single government entity to oversee the restoration of the Bay. 

In 1977, drawing to a great extent on recommendations of the bi-state 
conference, the EPA initiated a five-year study emphasizing the problems of 
nutrient enrichment, toxic substances, and the decline of SAV. As part of 
this study, the EPA funded CRC in 1979 to organize an international sympo- 
sium on the ejfects of nutrient enrichment in estuaries (Neilson and Cronin, 
1981). Research presented at the symposium highlighted the causes and 
consequences of nutrient loading in estuaries. Of particular significance for 
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the Chesapeake Bay was the presentation of the first good estimates c 
nutrient loads to the Bay, which showed the quantitative importai 
nonpoint sources (Jaworski, 1981). When considered in the context 
NSF-sponsored workshop on watersheds two years before, the resi 
this symposium sent a strong signal that nonpoint sources of nutrients 
have to be considered as part of nutrient management plans. 

Recognizing the need for interstate, basinwide planning, joint I 
tion by the Maryland and Virginia general assemblies created the ( 
peake Bay Commission in 1980 to coordinate management activitii 
advise the legislators of both states. In 1982 the commission acknow 
the need to control both N and P inputs. It worked to formulate, and 
support for, legislation that in 1984 would facilitate the implementatic 
broad range of nutrient management actions. In 1983 the commissic 
recognized the need for a watershed approach when it endorsed the Pa 
River Basin plan as a model for a comprehensive nutrient control sl 
that would address the control of both point and nonpoint loadings in 
of total inputs. In the years following the completion of the Bay StU' 
commission continued to be an important forum for promoting and g 
legislative actions, as well as the 1983, 1987, and 1992 Bay Agreeme 

The Bay Study 

The EPA Bay Study involved some 50 research projects, the res 
which are summarized in Chesapeake Bay Technical Studies: A 5yi 
(EPA, 1982) and in Chesapeake Bay: A Profile of Environmental C 
(EPA, 1983d). These reports supported earlier speculation that wate; 
ity was deteriorating, that many living resources were declining, ai 
these changes were related in some way to land use in the drainage 
The reports presented evidence based on data collected between 19; 
1980, that nutrient and chlorophyll concentrations were increasing ai 
these increases might be related to the baywide decline in SAV 
summer oxygen depletion in the main Bay. It was suggested that d 
in fisheries might be related to deteriorating water quality, especially 
upper and midbay and in the upper reaches of the western tributar 
baywide analysis of nutrient inputs also confirmed the importance of n( 
sources, which were estimated at the time to supply about 65 perce: 
and 80 percent of N inputs. The widespread decline in the abunds 
SAV in the Bay, initially described by Stevenson and Confer (197 
confirmed by Orth and Moore (1983), was shown to be primarily a 
quence of nutrient enrichment (Kemp et al., 1983; Twilley et al., 
Results from the Bay Study suggested that the whole Bay was changi 
that many of these changes were related to increases in nutrient inpu 
municipal wastes and agricultural runoff. 
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Results from the SAV component of the study contributed more to the 
understanding of the consequences of nutrient enrichment than did the nu- 
trient enrichment component itself- Overall, little new information was 
generated that would further a mechanistic understanding of the causes and 
consequences of point- and nonpoint-source nutrient loadings. Trends in 
water quality parameters were not statistically well documented and ad- 
vances in the understanding of underlying causes of eutrophication were 
limited. With the notable exception of the nutrient-SAV work, little was 
learned that would allow a cause-effect, quantitative analysis of the rela- 
tionships between nutrient inputs, water quality, and living resources in the 
main Bay. In a qualitative way, these links made sense, but the scientific 
evidence needed to make the case remained weak. 

With the publication of Chesapeake Bay: A Framework for Action in 
1983, the EPA presented its recommendations for a range of actions to 
restore the Bay. Despite the lack of scientific information needed to quan- 
tify the effects of anthropogenic nutrient inputs, the major focus of these 
recommendations was on the control and monitoring of nutrients “to reduce 
point and nonpoint source nutrient loadings to attain nutrient and dissolved 
oxygen concentrations necessary to support the living resources of the Bay.” 

Following the release of this report, the Citizen’s Program for the Chesapeake 
Bay (precursor of the Alliance for the Chesapeake Bay) organized a confer- 
ence, “Choices for the Chesapeake: An Action Agenda,” which laid the 
foundation for the subsequent signing of the 1983 Chesapeake Bay Agree- 
ment by the governors of Maryland, Virginia, and Pennsylvania, the mayor 
of the District of Columbia, the administrator of the EPA, and the chairman 
of the Chesapeake Bay Commission. This historic agreement committed 
the EPA and the states “to improve and protect the water quality and living 
resources of the Bay system, to accommodate growth in an environmentally 
sound manner, to ensure a continuing process of public participation, and to 
facilitate regional cooperation in the management of the Bay.” An adminis- 
trative structure was created to achieve these goals. It consisted of the 
Chesapeake Executive Council (the appropriate cabinet designees of the 
governors, the mayor of the District of Columbia, and the regional adminis- 
trator of EPA), a Citizens Advisory Committee, a Science and Technical 
Advisory Committee, and an Implementation Committee. For the first time, 
the states and EPA officially admitted that systemwide problems existed and 
that they were getting worse, not better, under existing management prac- 
tices. The momentum created by the 1983 Bay Agreement led to a flurry of 
legislative actions in 1984, the establishment of the Chesapeake Bay moni- 
toring program, and an unprecedented decade of nutrient-related studies by 
the science community. 

Public participation was an essential ingredient that helped to sustain 
the high level of environmental activity and facilitated a somewhat reluctant 
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to be implemented in an estuarine system. The Chesapeake Bay 
Program addressed a major problem encountered during the y 
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Nutrient Research 

The Bay Study spawned an unprecedented research effort during the 
1980s, which focused on five key issues: (1) the significance of the benthos 
(i.e., the bottom of the Bay) in the nutrient dynamics of the Bay, (2) the 
relative importance of nitrogen and phosphorus in limiting phytoplankton 
production, (3) quantification of SAV responses to changes in N and P 
concentrations in the Bay, (4) the causes and consequences of nutrient load- 
ing in terms of oxygen depletion (habitat loss) and its impact on living 
resources, and (5) the significance of and methods for controlling nonpoint- 
source nitrogen inputs. Research on nutrient fluxes from the benthos dem- 
onstrated the role of benthic-water column interactions in controlling the 
nutrient dynamics in shallow estuaries (Boynton et al., 1980; Kemp and 
Boynton, 1984). The work of Officer et al. (1984) and Seliger et al. (1985) 
highlighted seasonal depletion of dissolved oxygen as a measure of the 
Bay’s capacity to support living resources and of climatic variability in 
controlling the Bay’s response to nutrient inputs. Nutrient enrichment stud- 
ies (e.g., D’Elia, 1987; D’Elia et al., 1986) provided the basis for a report 
released by the Scientific and Technical Advisory Committee of the Chesa- 
peake Bay Program in 1986 presenting clear and compelling scientific evi- 
dence that both P and N removal would be required to improve water qual- 
ity in the Bay and its tributaries. The report emphasized the fact that 
cost-efficient technologies are now available for the combined removal of P 
and N, and reducing BOD, and strongly recommended that N removal be 
implemented. 

Multidisciplinary research on the Bay during the 1980s led to a 1991 
workshop sponsored by the Maryland and Virginia Sea Grant College Pro- 
grams and to the release of a report in 1992 entitled Dissolved Oxygen in 
the Chesapeake Bay: A Scientific Consensus, Based on a comprehensive 
analysis of oxygen dynamics in the main Bay (Smith et al., 1992), the 
report emphasized the susceptibility of the Bay to seasonal oxygen deple- 
tion and to climatic variability, and concluded that nonpoint nutrient inputs 
were the primary sources of the nutrients that fueled oxygen depletion in 
the main Bay. The report also endorsed the goal of achieving at least a 40 
percent reduction in nutrient inputs to the Bay and underscored how little is 
known concerning the relationship between water quality and the capacity 
of the Bay to support living resources. 

In the same year, the results of statistical analyses of monitoring data 
from the main Bay for 1984-1990 showed a significant decline in total 
phosphorus (19 percent), a small but significant rise in total nitrogen (2 
percent), and no significant trend in oxygen depletion in bottom water (EPA, 
1992). The decline in P apparently reflects the effectiveness of point- 
source controls (enhanced P removal by STPs and the phosphate ban en- 
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acted by the Maryland General Assembly in 1985). The relative] 
change in total nitrogen levels suggests that the achievement of a 40 
reduction in N input will depend on the success of nonpoint source 
of N, a conclusion that is consistent with results from the Choptar 
where nonpoint sources dominate nutrient inputs and the concentra 
N and phytoplankton biomass increased from 1985 to 1991 (Stev( 
al., 1993). In addition, research on the movement of N through thi 
shed demonstrated that the major route of N loss from agriculture 
occurs through groundwater (Staver et al., 1987), indicating that e 
control of N inputs to the Bay must address subsurface water mo 
(Staver et al,, 1989). 


Nutrient Management 

Activity in the management arena was also stimulated by the Ba 
In 1984 the Maryland General Assembly enacted eight authorizat 
assistance bills that contributed to the management of nutrient inpu 
Bay. Bills aimed at point source management included (1) the StaU 
cial Assistance Program, which created a water pollution control f 
established policy and procedures for using these funds to assist loi 
ernments in constructing STPs and implementing stormwater man; 
programs (and to encourage farmers to implement BMPs); (2) th 
Quality Loan and (3) Existing Loan Authorizations bills, which p 
bond authorization and increases in the state’s share of STP cons 
costs (in anticipation of reductions in federal funding from 75 to 
cent) so that the cost to local governments would remain at 12.5 
and (4) the Water Pollution Control bill, which provided the autf 
require and enforce pretreatment of industrial wastes. Additional 
for the Bay restoration effort was made possible in 1985 when the N! 
Assembly created the Chesapeake Bay Trust to support private anc 
rate involvement through private donations. 

Despite the cumulative evidence that N removal was needed to 
water quality (from the Patuxent Charrette in 1981 to the 1986 STA' 
and the 1987 Chesapeake Bay Agreement), resistance within the i 
ment community to implementing the measures needed to reduce I 
remained strong through most of the 1980s. With respect to point 
management officials in Maryland as late as 1983 held the point 
that nitrogen removal in “all treatment plants in the State that disch 
the Chesapeake Bay should “never” be required (memoranda from t 
and permit staff to the director of the Maryland Water Management 
istration dated May 30 and July 20, 1983). Ultimately, as a conseqi 
inaction by EPA and the Maryland Department of the Environm 
Maryland Assembly passed a bill in 1988 requiring by 1991 the im 
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tation of advanced wastewater treatment to remove N in STPs discharging 
into the Patuxent. 

Legislative action in 1984 also addressed the problem of nonpoint nutri- 
ent inputs. The cornerstone of this legislation was the Critical Areas Pro- 
tection bill, which established a framework for managing shoreline develop- 
ment to minimize erosion and nonpoint-source nutrient inputs as well as for 
protecting critical habitats within 1,000 feet of the shore. In addition, the 
Sediment Control bill placed sediment control under the authority of the 
state; the Drainage of Agriculture Lands bill required the secretaries of 
Agriculture, Natural Resources, and Health and Mental Hygiene to promul- 
gate regulations for the efficient design, construction, operation, and main- 
tenance of agricultural drainage projects; and the Shoreline Improvement 
Loan bill authorized funds for projects to reduce shoreline erosion within 
the critical area. It should be emphasized that the implementation of mea- 
sures to reduce nonpoint nutrient inputs was, and still is, a voluntary pro- 
cess facilitated by federal and state cost-sharing programs. Furthermore, as 
these actions suggest, the management of nonpoint source nutrient inputs 
remained dominated by the notion that soil conservation and nutrient con- 
trol were synonymous, a perception that would continue through the 1980s. 

Although specific actions to control nonpoint nutrient sources would 
not be forthcoming until the 1990s, the results of the Bay Study and contin- 
ued research on nutrient runoff from agricultural lands were gaining the 
attention of the management community. The Chesapeake Restoration Plan, 
released by the Chesapeake Bay Commission in 1985, recognized the need 
for basin-specific nutrient control strategies and outlined implementation 
plans for reducing point and nonpoint nutrient inputs. These included rec- 
ommendations for a ban on the use of phosphates in detergents (enacted in 
1985), improved wastewater treatment throughout the state, reductions in 
combined sewer overflows, and the development of BMPs to reduce surface 
nutrient runoff (e.g., planting “buffer strips” in critical areas). The Chesa- 
peake Bay Commission also endorsed the development and use of mathemati- 
cal models to evaluate the success of nutrient control strategies “before changes 
can be detected physically,” emphasized the importance of nonpoint sources, 
recommended continued research on the role of N in the Bay ecosystem, and 
acknowledged the publication of Statewide Priority Watersheds for the Poten- 
tial Release of Agricultural Nonpoint Phosphorus and Nitrogen by the Mary- 
land State Soil Conservation Committee (EPA, 1985). The latter marks an 
important step toward nonpoint-source nutrient control by ranking all wa- 
tershed segments based on their potential for nonpoint nutrient discharge to 
the Bay and its tributaries. 

The first significant changes to the CWA since 1972 were made in 
1987. These included a change in emphasis from point to nonpoint source 
controls and a phaseout of construction grants for STPs by 1994 (which had 
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provided nearly $50 billion to states for STP construction from 1972 to 

1987) . This shifted the burden of funding to the states and increased tl ir 
authority to control toxic pollutant discharges and nonpoint sources of { 1- 
lution. With the signing of the 1987 Chesapeake Bay Agreement, hr id 
goals and priorities were established for the restoration and protection Df 
living resources and water quality. Although the agreement contains obj > 
tives and commitments for living resources, water quality, population gro^ th 
and development, public information, education and participation, pul ic 
access, and governance, the centerpiece was the achievement of a 40 f r- 
cent reduction in total loads of N and P to the Bay by the year 2000. T is 
was a landmark agreement in that it established a specific and quantifia ie 
goal that was to be reevaluated in 1991 based on the results of the monil r- 
ing program and simulation modeling. 

For the first time, the agriculture community was forced to confront le 
question of how to reduce nonpoint source inputs from farms. With le 
release of A Commitment Renewed: Restoration Progress and the Cou 'e 
Ahead by the Chesapeake Bay Program Implementation Committee (El l, 

1988) , it was also acknowledged that controlling the input of N would t 
difficult because nitrogen moves with water, in contrast to phosphorus, wh h 
moves with sediment. Finally, Maryland’s Coastal Zone Management P n 
(approved in 1978 and administered by the DNR), which did not explici y 
address the problem of eutrophication, was modified in 1990 to inch e 
provisions for nonpoint-source nutrient control and water quality mana: j- 
ment consistent with the CWA. 

The U.S. EPA Chesapeake Bay Program released its Progress Report >f 
the Baywide Nutrient Reduction Reevaluation in 1992. The report prese s 
the most accurate estimates to date of nutrient sources and loads. Results f 
the watershed model reaffirmed the significance of basinwide nonpoint soun s 
(77 percent and 66 percent of N and P inputs, respectively), reinforcing i e 
conclusion that nonpoint source N inputs must be controlled if a 40 perc( it 
reduction in inputs is to be achieved. Direct atmospheric deposition of 
and P to the Bay and its tributaries was found to be relatively small, 1 it 
estimates of basinwide inputs suggested that atmospheric deposition coi d 
account for as much as 35-40 percent of the total nitrogen input, a cone - 
sion that is consistent with the findings of Fisher and Oppenheimer (19^ ) 
of the Environmental Defense Fund. Results of computer computatic s 
(using the so-called 3-D model, a three-dimensional, time-variable nume - 
cal model) suggest that 40 percent reductions in controllable nitrogen (abc t 
20 percent of total input) and phosphorus (about 30 percent of total inp ) 
loads will increase bottom water oxygen levels by 15 to 25 percent. Bas i 
on these results and interpretations, the 1992 amendments to the Chej - 
peake Bay Agreement reaffirmed the commitment to a 40 percent reducti i 
in N and P loadings by the year 2000, placed caps on these loading lev( s 
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once achieved, specified basin-specific nutrient loads, and called for imple- 
mentation of nutrient control strategies to achieve these loads beginning in 
1993. The 1992 agreement also stipulated that the abundance and distribu- 
tion of a living resource, SAV, would be used to measure the success of this 
nutrient control strategy. 

The management of nonpoint sources of nutrients remains controver- 
sial. Although the 1992 Bay Agreement calls for reductions in atmospheric 
and agricultural sources of nitrogen, it is unclear how such reductions would 
be achieved. Both regional and nationwide reductions in nitrogen oxide 
emissions will be required to control atmospheric deposition. As for agri- 
cultural inputs, traditional approaches that rely on expanded implementation 
of BMPs (designed to reduce surface runoff and soil erosion) are unlikely to 
have the desired impact on N loading. The management community has 
interpreted recent results of watershed models and related cost-benefit analyses 
as indicating that the most cost-effective approaches to reducing nonpoint 
agricultural inputs are the control of fertilizer applications and animal waste 
inputs (EPA, 1992). However, the watershed model has been widely criti- 
cized as inadequate, and the quantitative effects of tuning fertilizer applica- 
tions to agriculture production and avoiding accumulations of animal wastes 
are promising but uncertain. To the extent that groundwater pathways ac- 
count for most of the nonpoint loading of N, additional measures (e.g., cover 
crops) that limit the movement of N into groundwater will be required. 

DISCUSSION AND CONCLUSIONS 

The Interplay Between Science and Management 

Our analysis reveals a change in the relationship between science and 
management as the emphasis in nutrient control shifted from point to nonpoint 
sources. During the formative years, neither the science nor the manage- 
ment communities in Maryland perceived nutrient enrichment to be an im- 
mediate, high-priority problem (compared with thermal pollution, dredging, 
and the threat of oil spills). Research and management activities tended to 
focus on local issues and problems, a pattern that may have been reinforced 
by prevailing climatic conditions. Initial concerns with point source nutri- 
ent inputs coincided with a period (1962-1969) of unusually low rainfall 
when the problems of nutrient enrichment in lakes were first gaining na- 
tional and international attention. Low rainfall and freshwater runoff have 
the effect of minimizing nonpoint inputs and maximizing the effects of 
point source inputs, which are independent of freshwater runoff for the most 
part. Point source nutrient inputs were targeted and the state implemented 
secondary treatment by constructing and upgrading STPs. These actions 
were driven by the federal CWAs, which provided financial incentives, and 
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by public and political pressures precipitated by local water ^ 
lems that did not require sophisticated tools of science to u 
relationship between point source inputs and water quality (as 
such phenomena as red tides, noxious odors, and fish kills) 
obvious, and it was generally assumed that nutrient loading c( 
aged through secondary treatment to control point source loa< 
agement moved out in front of the science and formulated the 
guess” scenarios as to the degree and kinds of nutrient reductic 
improve water quality. 

The Potomac case may be considered an exception in this 
entific research preceded management action, which appeared 
coupled to new scientific information establishing quantitative 
between nutrient loading and water quality. Low rainfall durii 
undoubtedly exacerbated conditions in the Potomac River wl 
algal blooms, fish kills, and generally unsanitary conditions w( 
at the doorstep of the White House. Here, secondary treatn 
vanced wastewater treatment for P reversed the trend of dec 
quality, at least in the tidal freshwater reach of the estuary (Jawc 
However, the Potomac case was unique, not only in terms of 
close coupling between new scientific information and managi 
(which probably reflected the river’s proximity to Washington, 
role as a political showcase as much as anything else), but als( 
the massive expenditure of federal funds (about $1 billion) an 
impact on research and management in the greater Chesapeake 

A fundamental change in the relationship between science ; 
ment began to emerge with the controversy over N control in 
River basin. The spatial displacement between the upstream 
point source nutrient inputs and downstream effects not only : 
for a decade>long debate over the control of N and nonpoint sc 
it marked the beginning of a systemwide approach to the problem c 
tion in the Bay and its tributaries. With this seed, the connect 
nutrient loading and water quality in the Bay as a whole began 
when research sponsored by the EPA Bay Program related wi< 
dine of SAV to overenrichment. At this point, science began 
in front of management, in part because of the complex nature 
lem and in part because of the lack of funding (including fina 
tives from the federal government) to develop and implement nev 
and technologies required to address the problems of N and 
nonpoint source inputs. 

The management community as a whole did not acknowlec 
to control N and nonpoint source inputs until the late 1980s whe 
lative impact of evidence from environmental research became 
ing. With each iteration of nutrient inventories and budgets, t 
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nance of nonpoint sources became unequivocal. The shift from P to N 
limitation along the transition from fresh to salt water areas was clearly 
demonstrated. Studies of benthic nutrient fluxes revealed that models of 
water quality in the Bay would have to incorporate benthic- water column 
interactions into their calculations; large-scale baywide studies revealed the 
mechanisms by which nutrient inputs cause oxygen depletion in the main 
Bay, and showed that nonpoint sources were the principal cause; and cur- 
rent soil conservation practices were shown to have little effect on N input 
to the Bay. These advances could not have been made without a major 
research and monitoring effort by the science and management communities 
in the Chesapeake Bay region. Rather than depending on science informa- 
tion generated by research in Canadian and European lakes, the manage- 
ment process was increasingly guided by new scientific information on the 
Bay itself, information that currently influences nutrient management in 
estuarine systems worldwide. 

Explicit actions to control N loading have been limited to point source 
discharges to the upper Potomac and Patuxent rivers, and strategies that 
target nonpoint sources of N are only now being seriously considered. On 
the receiving end, the 1992 Bay Agreement identifies the return of SAV as 
an initial measure of the effectiveness of nutrient management in the resto- 
ration of living resources and water quality. Long lags (on the order of 10 
years or more) between scientific discovery and management action are a 
common feature of each of these cases. To some extent, this reflects a 
considered and informed decision-making process related to social and eco- 
nomic considerations and to the uncertainty of environmental science. However, 
the record also suggests that this is often not the case, in part because 
sufficient information is simply not available (increasing the uncertainty), 
but also because of ineffective information exchange between the science 
and management communities. Consequently, delays in the use of new 
scientific information are often related more to politics and economics (compare 
the histories of point source nutrient control in the Potomac and Patuxent 
cases) than to the quantity and quality of available information. As clearly 
stated by Ian Morris, the director of the Center for Environmental and Es- 
tuarine Studies of the University of Maryland {Baltimore Sun, July 17, 
1983), “There is nothing wrong with forging ahead before knowledge of a 
problem is complete [because] it never is — but you need to keep close touch 
with good scientific study, and that close touch is being lost.” A compara- 
tive study of coastal seas management in different regions from the Baltic 
Sea to the Inland Sea of Japan clearly shows the importance of “indepen- 
dent but relevant science” to the decision-making process (Morris and Bell, 
1988). This study suggests that, although new scientific information rarely 
initiates management action, the availability of good information and scien- 
tific advice not only enhances the responsiveness and quality of manage- 
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ment actions but also often reinforces management decisions and helps k ;p 
the management process on track. 

Sources of Inertia 

Inertia in the management process occurs for a variety of reasons at 
range from the sheer magnitude of the problem and the cost of solving i to 
poor problem definition, uncertainties inherent in the prediction of ecos s- 
tem behavior, and polarization between the science and management C( n- 
munities. Two features of the Chesapeake Bay experience that exemp fy 
magnitude and cost stand out: the need for more STPs with advanced wa e- 
water treatment and the need to control nonpoint sources. Clearly, relia :e 
on a particular technology (secondary treatment) as the basis for regulai ig 
nutrient inputs has inhibited the development of alternative (less cof y, 
more effective?) approaches and technologies (see Officer and Ryther, 19 ')• 
Furthermore, as the fiscal realities of advanced wastewater treatment fc P 
removal became apparent in the 1970s, the Congress and the General c- 
counting Office became alarmed and instituted a federal “Advanced Wa e- 
water Treatment Policy,” which essentially subjected STPs contempla ig 
advanced P or N removal to extreme scrutiny. The effect was to crea a 
powerful disincentive for advanced wastewater treatment, especially foi S. 
Consequently, STPs on the Patuxent did not begin to remove nitrogen r til 
1991, several years after cost-effective technology became available, a e- 
cade after the Patuxent Charrette, and more than two decades after scieni its 
first began to worry about N loading to the Bay. 

In the case of nonpoint sources, their diffuse nature and relationshi to 
patterns of landuse catapulted the problem of nutrient regulation to a i iw 
level involving not only water quality and living resources but also so o- 
economic forces related to population growth in the watershed. Implen n- 
tation of point source controls has little direct impact on the social fabri of 
the population, and the costs of reducing point source inputs can be e- 
dicted with a relatively high degree of certainty based on knowledgi of 
loading rates and the required technology. This is not the case for nonp nt 
inputs. Management of nonpoint sources inevitably leads to conflicts be- 
tween prevailing patterns of land use (by farmers, homeowners, indui ry, 
government, etc.) and the implementation of nutrient control schemes, he 
cost of reducing nonpoint sources is more unpredictable because of un ;r- 
tainties in loading rates and in the effectiveness of different method of 
nutrient control. Thus, for justifying the social and economic cost: of 
nutrient management, it becomes much more important to demonstrate ca ;e- 
effect relationships between nonpoint sources, water quality, and the ca ic- 
ity of the ecosystem to support living resources. Decision makers insis on 
more information before implementing control measures. 
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Scientists and managers typically function on different time scales, re- 
sulting in tension and distrust between the two groups, which in turn inhib- 
its effective exchange of information and consensus on problems and their 
solution. For the most part, environmental scientists are cast in the role of 
conducting research intended to further our understanding of nature. Ad- 
vances occur on time scales that are dictated by factors ranging from the 
peer review process to the variability that characterizes populations of or- 
ganisms, the ecosystems within which they function, and the climatic fac- 
tors that perturb them. In contrast, managers are expected to make in- 
formed decisions and solve problems in a “timely” fashion and are often 
under considerable pressure to do so on political time scales that are short 
relative to the generation of new scientific understanding. To compound the 
problem, success in the science community is achieved through a process 
that emphasizes peer review, so there is little motivation to communicate 
outside the science community (except when funds are needed for research). 
Within the management community, success is measured, in part, by the 
outcome of the decision, which typically must be made before sufficient 
scientific information is available. The distrust that these dichotomies and 
lack of communication breed has two important and related consequences: 
(1) the management community tends to question the relevance of environ- 
mental research conducted by an independent science community, and (2) 
the science community tends to question the integrity of the management 
process. 

Free from the requirement to make management decisions, scientists 
are much more likely to acknowledge uncertainties and the complexities of 
nature. For example, consider an event that occurred in 1983, the year of 
the first Chesapeake Bay Agreement. A headline in the Baltimore Sun (July 
17, 1983) reads “Scientists Wary About Quick Fix for Bay.” The article 
quotes a prominent university scientist as stating in testimony before the 
state Assembly that “we still don’t know very much about nitrogen and the 
Bay. . . . The nitrogen entering the bay from farm runoff may not be as 
injurious, pound for pound, as that coming from . . . sewage treatment 
plants. . . . Buffer strips may not stop much nitrogen from running off farms 
. . . the bay is not purely a sink [for N, which can escape the Bay in gaseous 
form].” This left “decision-makers upset and confused . . . some almost 
cursing, ‘saying what is this guy trying to do to us?’” A manager with the 
Maryland DNR summed up the dilemma by commenting that, “Scientists, 
being quite honest, present so many options that no action gets taken . . . 
which is our problem as managers who must take action.” In a subsequent 
interview, Tom Horton of the Baltimore Sun (personal notes) quotes Secre- 
tary Eichbaum as saying “Ian’s [Ian Morris] concerned about a lack of 
communication between scientists and us? I know he feels that way and I 
think he’s even right, but in most of our experiences in the bay system the 
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scientists have not provided answers as to what to do. They have sat arc nd 
and complicated the issue, and that’s the nature of their job. So at this s ge 
[in the management process] it’s not so unusual for scientists to recede ito 
the background. Hopefully, the information they’ve given us is good enou i.” 

The uncertainties and complexities (large data sets) inherent to envi m- 
mental science have also led to, arguably, an irrational reliance on m h- 
ematical models as predictors of ecological variability and response: to 
anthropogenic perturbations. This tendency of the management commu ty 
to view water quality models with considerable favor is understanda le. 
Scientists who develop the models have a vested interest in seeing tl m 
used (an example of why it is important to maintain a separation of pi v- 
ers in terms of the generation of scientific information and its use ly 
management). At the same time, they provide an objective means of 
synthesizing a great deal of information and of predicting both the cau es 
and the consequences of eutrophication (in this case), and they take le 
heat off the decision maker (the model makes the decision). This allc /s 
the government to assess blame and institute corrective actions. Her in 
lies the rub. All of these are attractive (and seductive) features, but II 
assume that the water quality model provides an accurate representation )f 
the real world. 

The current heavy reliance on the 3-D, time-dependent, coupled hyd >- 
dynamic water quality model to set nutrient reduction goals and evaluate e 
success of nutrient control programs is reminiscent of the Patuxent expc i- 
ence. Clearly, this model is significantly improved, but it is still an imp 
feet cartoon of the real world. It is so tempting to ask the model a questi n 
and then believe the answer (“mirror, mirror on the wall”) when the mi it 
prudent approach is to use the model results in conjunction with other soun s 
of information (monitoring and experimental results that reveal causatio i. 

ne must also keep in mind that no single model can answer all questioi ;. 
Tor example, the current model does not address the dynamics of litto .1 
Meas sea grasses, or food webs. Finally, models may take many years o 
develop, during which time the playing field and the players may cham , 
mcludmg expectations of what the model can and cannot do. The origir 1 
intent of the model may be modest (e.g., to be used as a trial-and-eri r 
tool), but as the results are simplified again and again for nontechnic 1 
audiences, expectations can and do become unrealistic. As the cost of t ; 
mo e increases (in terms of time and money) and the corporate memory 5 
lost, the model begins to take on a life of its own and the predictio i 
ecome reality. Thus, there is a tendency for the management communi ’ 
to reach the conclusion that additional scientific information is no long - 
needed, a tendency that can be countered by establishing a process of pei ■ 
odic scientific reevaluation of the effectiveness of management actions. 
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Overcoming Inertia 

Clearly, financial incentives in the form of federal and state funding for 
such actions as the construction of STPs and the implementation of BMPs 
have played an important role in controlling nutrient loading to surface 
waters. However, the authorizing legislation and subsequent appropriations 
are often responses to an environmental catastrophe. In a recent study of 
the process of environmental governance, Morris and Bell (1988) argue the 
case that a “major event” is required to stimulate policymakers and manag- 
ers to take action on environmental issues. They suggested that, in the 
Chesapeake Bay region, this event was the Chesapeake Bay Study itself. 
Our analysis certainly supports this contention. By pulling together large 
numbers of scientists and decision makers from throughout the Bay and its 
watershed, the EPA Bay Study marked a significant departure from the 
course of the 1960s and 1970s. Under the auspices of the EPA, it gave rise 
to a governance structure that would involve citizens, government officials, 
and scientists in the oversight of environmental research, formulation of 
policy, and implementation of that policy throughout the entire Bay and its 
watershed (the Chesapeake Executive Council, Citizens Advisory Commit- 
tee, Science and Technology Committee, and Implementation Committee). 
This spawned a decade of research and management activity that was un- 
precedented in the United States, and ushered in an era that would lead to a 
more systemwide perspective as the significance of nonpoint sources and 
water movements through drainage basins and the estuaries of the Bay be- 
came increasingly apparent. 

Our analysis also suggests that Tropical Storm Agnes was an event of 
similar impact, which, in effect, set the stage for the EPA Bay Study. Agnes 
alerted a broad cross-section of the population, including scientists and 
managers, to the systemwide susceptibility of the Bay to inputs from land. 
Until Tropical Storm Agnes arrived in 1972, research tended to focus on 
local problems, a tendency exacerbated by the funding priorities of manage- 
ment agencies that emphasized the effects of power plants, oil spills, and 
dredging. Pritchard (July 1, 1970, Baltimore Sun) states that, “The empha- 
sis on thermal pollution is obscuring the real threat to the Bay, nutrient 
pollution.” This 200-year storm captured the attention of the entire popula- 
tion of the Chesapeake region, including state and federal agencies, elected 
officials, concerned citizens, and the scientific community. In a terrible 
way, Agnes reconnected millions of urban and suburban dwellers to nature. 
People were made keenly aware that they did not just live on a street or in a 
town, but also in the drainage basin of a creek, in the valley of a river. The 
storm dramatized how we had changed the very nature of the watershed in 
just a few decades, stripping the vegetation that once covered it and ab- 
sorbed and slowed the runoff of rainfall, paving it for roads and parking, 
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and roofing it over with homes. One effect of these land-use patterr was 
to channel the water that fell with a destructive force never seen befo In 
retrospect, it is clear that, although the storm delivered a “bullet the 
Bay’s heart,” land use in the watershed had been “loading the gu and 
softening up the victim for many decades.” 

The precedent-setting 1981 Patuxent Charrette and the Chesapeak Bay 
Agreements that followed illustrate the importance of achieving a co sen- 
sus involving a broad cross-section of a region’s social fabric. E ents 
leading up to the Patuxent Charrette and the Charrette itself under lore 
some of the ingredients needed to achieve a consensus on the nature c the 
problem and the actions that need to be implemented to solve the prol em 
Among the more important of these are leadership, trust, and financii in- 
centives. A few powerful individuals had to have more than a pa ling 
interest in the problem; they needed to understand the problem well en ugh 
to justify action in the context of competing political, economic, and s lial 
forces. Such leadership was clearly demonstrated by the actions of Sei itor 
Mathias, who formulated the legislation that led to the EPA Bay Prog un' 
by Senator Fowler, whose environmental concerns led to a nutrient mar ge- 
ment plan for the Patuxent River basin; and by the state governors who lad 
the foresight to look beyond their borders in agreeing to clean up the ay 
The Patuxent case in particular illustrates the need for trust. It is unli ;ly 
that a truly comprehensive nutrient management plan for the Patuxent R /er 
basin would have been agreed upon if it were not for a clear definitio of 
the problem, the establishment of common goals, the existence of indei in- 
dent scientific advice, and mutual respect among the participating par ;s 
In this regard, the university was viewed by Senator Fowler and his ass :i- 
ates^ as a source of information from a disinterested party, an “honest i o- 
ker. This was critical, as was the presence of managers within the M y- 
land state government who were willing to listen and even fund reset :h 
that could (and did) produce evidence that the state and the EPA v re 
wrong in insisting that N loading was not a problem (D’Elia 1987' D’l ia 
et al., 1986). 

The mam impact of these actions and the “major” events that gave se 
to them was to raise the plight of the Bay to a new level of public id 
political consciousness. In this context, it is important to note that, 1- 
though there were (and are) few who would take exception to the course zt 
by the 1983 Bay Agreement, important decisions were made on the basis if 
relatively little scientific information — decisions that would have profoi d 
social and economic consequences. Agreements were consummated by hi i- 
ranking government officials based on perceptions and the “common sen' ” 
of the day. The impact of the EPA Bay Study was not related as much o 
new scientific information as it was to the large number and diversity f 
individuals and institutions involved in the process. The real genius of i e 
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Study was in synthesizing and disseminating existing environmental infor- 
mation and scientific understanding, and in providing the political climate 
needed to galvanize decision makers throughout the Bay’s multistate water- 
shed. The process itself, rather than the information it produced, led to the 
Bay Agreement and launched an unprecedented period of legislative man- 
agement, public, and research activity. 


NOTES 

1. The degradation of water quality occurs when assimilation capacity is exceeded. The 
degradation is expressed by such phenomena as accumulations of algal biomass, noxious algal 

blooms, decreases in water clarity, depletion of oxygen, and related losses of plant, animal 
and insect lire. ’ 

2. Environmental research is defined as activities that generate technical information about 
nutrient enrichment upon which the management of nutrient inputs can be based. Management 
IS considered to be primarily a government activity that includes the formulation of environ- 
mental policy, regulations, and agreements. 

3. The term anthropogenic is generally used to identify sources of pollutants that stem 
from human activities-manufacturing, farming, waste disposal, etc. For purposes of this 
Malysis, anthropogenic nutrient inputs include inputs from point sources (such as wastewater 
discharges) and diffuse sources (for example, runoff from agricultural development atmo- 
Spheric deposition). 

4. Hurricane Agnes caused devastating coastal flooding from Florida to New York By the 
tim^the storm reached Chesapeake Bay, it had been downgraded to the level of a' tropical 

5. A massive nuisance bloom of blue-green algae in the upper Potomac in 1983 was attrib- 
uted to a combination of events that resulted in the release of excess phosphorus from the 
sediments (Jaworski, 1990). 
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Tropospheric Ozone 


Philip M. Roth, Stephen D. Ziman, and James D. Fine 


The National Research Council (NRC) Committee on Tropospheric Ozone 
Formation and Measurement prefaced its recent report, Rethinking the Ozone 
Problem in Urban and Regional Air Pollution, by declaring that “ambient 
ozone . . . represents one of this country’s most pervasive and stubborn 
environmental problems. Despite more than two decades of massive and 
costly efforts to bring this problem under control, the lack of ozone abate- 
ment progress in many areas of the country has been discouraging and 
perplexing.” (NRC, 1991, p. vii). 

Ozone (O 3 ) is formed in the atmosphere through photochemical reac- 
tion. The primary emitted gaseous species contributing to ozone formation 
are nitrogen oxides (NO^^ = NO + NOj) and volatile organic compounds 
(VOCs), including hydrocarbons and oxygenated hydrocarbons. The gov- 
erning atmospheric chemistry is exceedingly complex. This complexity, 
which involves numerous interactions among pollutants, has hindered the 
development of an understanding of the most effective paths to reducing 
ambient ozone concentrations. Inadequate and inaccurate portrayal of emis- 
sions from both manmade and biogenic sources has also contributed to 
difficulties in developing successful emissions control strategies. Although 
more information and improved understanding is definitely needed, mitiga- 
tive actions have been taken and they continue. 

In this paper, we survey the regulatory framework that has been put into 
place over the past two decades to reduce ambient ozone concentrations, 
consider six pivotal issues underpinning this framework, and examine the 
interplay between regulation and the development of science and technol- 
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ogy. We then attempt to extract some general conclusions that n 
value in future efforts to accommodate scientific developments in 
latory process. 


A BRIEF HISTORY OF OZONE 
LEGISLATION AND REGULATION 

In 1963 the Clean Air Act was enacted “to protect the Nat 
resources to promote the public health and welfare.” It establis) 
prevention and control of air pollution at its source as the primary r 
bihty of the State and local governments.” Federal leadership and j 
assistance was requested to initiate research and development progr 
to assist state and local air pollution control planning. Although the 
ment of Health, Education, and Welfare was authorized to execute 
visions of the act and to “recommend” air pollution control criter 
imited enforcement authority was given to government agencies 
quent amendments made in the late 1960s clarified provisions such 
pertaining to federal grants for research and air pollution control pr 
However, the extent to which government would regulate air quality 

and planning was not delineated until the Clean Air Amendments , 
were adopted. 


1970 atnendments required the Environmental Protectio 
( A) to publish proposed regulations prescribing a national ar 
quality standard (NAAQS)” that defined unhealthy concentratior 
Cl 1 C pollutents in ambient air (criteria pollutants). The “criteria” i 
addressed in the NAAQS had been identified in the Air Quality Ac 
on the basis of existing information on the health effects of air 
concentrations. They included particulate matter, nitrogen dioxic 
oxides, carbon monoxide, hydrocarbons, and photochemical oxidan 
re efined as ozone when the standard was changed in 1979 f 

S* ^ later promul 

The 107 ^* -1980s, the NAAQS for hydrocarbons was rescind 
Ihe 15^70 amendments required that state implementation plai 
prepared to demonstrate attainment of the NAAQSs by 1975 1 
were to be prepared by every state having one or more nonattainm 
nd submitted to the EPA for approval. Should a SIP not be pre 
(S'^Th f amendments required a federal implementat 

pollutanl^VT llte reduction o 

P , nd in the case of ozone, on one of its precursors VOC‘ 

reductions were to be accomplished by regulating mobile and 
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sources of pollutants. Although the 1970 amendments suggested control 
programs to be instituted by the states in attaining the NAAQS, specific 
requirements for SIPs were not set out until the 1977 amendments were 
adopted. 

As mandated by the 1970 amendments, the EPA was required to pro- 
duce a list of stationary source categories to be regulated under new source 
performance standards (NSPSs). The NSPSs were defined by the EPA on 
the basis of the availability of implementable technology. New major sta- 
tionary sources were defined as having the potential to emit 100 or more 
tons per year of a criteria air pollutant, or hydrocarbons in the case of 
ozone, and were required to apply the NSPSs. “Hazardous air pollutants,” 
that is, pollutants not included in the NAAQS criteria but deemed by the 
EPA to cause irreversible harmful health effects, were also authorized for 
regulation under the 1970 amendments. Emissions of pollutants from mo- 
bile sources were to have been reduced by 90 percent from a 1970 baseline 
by 1975 for VOCs and carbon monoxide (CO), and by 1976 for NO^ under 
these amendments. 

At this time, the EPA elected to institute an approach to air quality 
improvement that focused on managing the air resource by selectively con- 
trolling emissions rather than imposing control technology requirements on 
a full range of source categories. The EPA directed that plans for air 
quality improvement be drafted and implemented, using air quality simula- 
tion models to estimate the nature, amount, and distribution of controls needed 
to attain the standards. While modeling was required, models generally were 
inadequate or nonexistent; the gap between need and availability was siz- 
able. 


The 1977 Amendments 

The 1970 amendments established a framework for federal, state, and 
local agencies to regulate emissions of air pollutants and called for the EPA 
to establish specific air quality standards. Yet, by 1975 the deadline for 
attainment of the NAAQS— many regions of the country still had not at- 
tained the standards. The 1977 amendments attempted to achieve attain- 
ment through stricter and more extensive control of emissions from new and 
existing stationary sources and through sanctions for failing to comply with 
provisions of the act. For example, nonattainment areas and states not 
preparing or implementing SIPs were potentially subject to EPA sanctions, 
which can include a ban on new major stationary source construction or 
deletion of EPA grant funds. By necessity, the 1977 amendments extended 
the attainment deadlines from 1975 to 1982 and included possible exten- 
sions through 1987 for ozone and CO, depending on the feasibility of at- 
tainment in some areas. 




42 

ROTH , ZIMAN, AND 

In 1977, additional legislation concerned with the nem.;. 
major stationary sources of nonattainment pollutants was f 
Part D, Title I (Plan Requirements for NoLttainmlrArS^ 
amendments. In ozone nonattainment regions new 

new major sources of VOC emissions was required to ensure 
employed lowest achievable emission rate CLAFR^ 
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the the scientific basis fo: 

Air Scienhftc Advi’sorJ Co^i He Clear 
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NAAQSs if needed. The amendments also eftabl°red a“ “ ““ 

year review period for the NAAQSs and clarified f ^ mandatory five- 

the public would be able to comment on pronosed 

standards. " proposed changes to air quality 

By the mid-1980s it became eiear na.,. f 
the December 31, 1987, attainment deadlineT actually meet 
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tmg new plans to demonstrate expedihous attainment 
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The 1990 Amendments 
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tion is known as the design value Like the 1077 a 

To define regulations commensurate with the decree of nonotto- 
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regulations set forth in the act Whereas thp 1077 o ^ ^ RACT 

.^ scarce . one .a. e.U.ed'TS Z Z oTvot“l: 

1990 amendments lowered rnfpn'a fr.t- • • cmnudiiy, me 

serious areas to 25 anTs^rs^^^ 

thafeSteat lea^ 7olTofvoCs """ " 

th^number of new sources regulatedbyR^^^^ 

1:1.5 inTosTngeler ^ 

To reduce mobile source emissions within nonattainment areas the 1990 

.nat,tu.m8 « enhanced .chide inspecdon and mainte"ance proaram 

"“a Retrzir nonatenmen 

areas. Reformulated gasolines with a 2 percent by weight oxveen content 

in. rednncd for ..hides f„, d,. dd.s J, .he'„or*“ e “ 
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liie amendments recognized that ambient air aimlitv 
restricted to consolidated metropolitan statistical areas (CMSAs which ^ 
previously been used to define ozone air quality reins SneHr n 
ll-state transport region was created under mandate in the Irthlslthh 
jurisdiction is to address nonattainment issues associated with th^ ’ 
region. Other transport regions may also be formed b“«Tle ' " “ 

Zmo 1 — c~ 

e lyyu Title III amendments increased to 189 the nnmh^r r.-r 
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Ar^.ri r>ns ^ reductions required bv Titlp TV 
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1990 amendln". ’• “ ““ “ Title I of the 

See Tables 1 and 2 for a suramaoi of legislative tmd regnlatoty history. 

California Regulation 
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motor vehicle emissions as e7y JswT ne° cT7“ 
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Formulation of the Standard 
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used in establishing the standard, the dearth of substantiating scientifi data, 
and the health and economic implications of the standard, the st; idard 
setting process has been mired in controversy from the outset. 

The criteria used to establish the standard were difficult to defint The 
term threshold” referred to the oxidant concentration at which ex] )sure 
results in an adverse health effect.” Yet, the degree and type of ealth 
effects occurring in clinical tests vary depending on the subject (F. ieral 
Register [FR], Vol. 44, February 8, 1979), resulting in a range of zone 
concentrations at which adverse health effects occur, rather than a thn hold 
(Landy et al., 1990). The EPA noted this fundamental point of conf sion: 
“the adverse health effect threshold concentration cannot be identifiei with 
certainty” (FR, Vol. 44, February 8, 1979). Moreover, the concepi of a 
threshold implies the level of a measure at which no health effect o :urs, 
which, by virtue of this property, is inherently difficult to determine. \s a 
consequence of this dilemma, establishing the human response that 1 rely 
constitutes an “adverse health effect” was less a scientific observatior than 
a policy decision (Landy et al., 1990). In short, identification of a thre iold 
appears to be an unavoidably uncertain determination. 

Some believe that it is appropriate to identify and protect the nost 
sensitive population group when establishing a standard because reac ions 
to oxidants depend on the sensitivity of an individual. In 1971 the icus 
was on asthmatics (FR, Vol. 36, April 30, 1971), but subsequent res irch 
has suggested that other groups, such as children and the elderly, m. ' be 
more sensitive because of physiological characteristics or exposure freqi ncv 
(Lippmann, 1989). 4 y 

Adding to the uncertainty were the criteria for a “margin of safety.' An 
adequate margin could not be defined on the basis of scientific data. Ri her, 
the EPA had to make a value judgment (Landy et al., 1990). In additior the 
scientific community did not have a complete understanding of the sit lifi- 
cance of long- versus short-term exposure to air pollutants (Lippmann, 1' 19). 
Thus, It was difficult to define a time increment for measuring oxidant on- 
centrations— the “averaging time.” Defining an averaging time, a marg i of 
safety, the most sensitive group, adverse health effects, and an oxidant th; sh- 
old concentration required making assumptions founded in uncertainty. 

In 1970 and 1971 the EPA conducted an intensive review of the h( ilth 
effects literature. Virtually all the studies reviewed failed to provide de ni- 
tive information on the health effects of ozone at low concentrations. 7 ter 
much consideration, the EPA determined that a study conducted by Schoe Jin 
and Landau (1961) provided the most acceptable scientific basis for sei ing 
an oxidant standard (FR, Vol. 36, April 30, 1971). This study reported an 
increased incidence of asthmatic attacks on days when the ozone concei ra- 
tion exceeded 0.10 ppm. Obviously, a single study could not provide si Ti- 
cient information upon which to base an ozone standard. The EPA ^as 
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aware of this but was nevertheless required to set a standard by the 1970 
CAAAs. The paucity of available information meant that the EPA had to 
make a policy decision concerning the threshold at which health effects 
occur (Landy et al., 1990). When the EPA selected a standard of 0.08 parts 
per million of photochemical oxidant (later changed to ozone) in ambient 
air measured over a 1-hour period, a debate ensued over its adequacy and 
appropriateness. The controversy reflected concerns about uncertainties in 
defining the standard, skepticism about its scientific basis, and the health 
and economic implications of the policy decision. 

Although the EPA wrote, “the Clean Air Act does not permit any factors 
other than health to be taken into account in setting the primary standards” 
{FR, Vol. 36, April 30, 1971), special interest groups aligned themselves on 
either side of the issue. Those likely to be burdened with the cost of 
attainment — industry and municipalities faced with air quality problems — 
were critical of what they viewed as an overly protective standard. Envi- 
ronmental groups supported the 0.08 ppm standard, or an even tighter stan- 
dard. When a review of the Schoettlin and Landau study, conducted at the 
request of industry, revealed suspicions about the results, the scientific basis 
for the standard became questionable (Landy et al., 1990). 


Revising the Standard 

The need for a formal scientific review to support the EPA was ac- 
knowledged by legislation in the 1977 CAAAs. The Clean Air Scientific 
Advisory Committee was established to review new scientific findings for 
inclusion in a “criteria document,” which was intended to centralize all 
current information related to research on the health effects of ozone and to 
provide the CAS AC’s recommendation regarding an appropriate threshold. 
(Criteria documents had been prepared before 1977 as well.) It was to be 
the document upon which the EPA would base standards. In addition to the 
CAS AC’s input, the 1977 CAAAs mandated a public comment period and 
mandatory review of the standard every five years. 

Scientific information on the health effects of ozone, based on clinical 
tests on humans and animals and on epidemiological studies, was expanded 
during the mid-1970s (see Landy et al., 1990). Four clinical studies (Delucia 
and Adams, 1977; Hackney, 1975; Linn, 1978; and von Nieding, 1977) 
provided contradictory results. Two suggested that health effects occurred 
at ozone concentrations of 0.15 ppm in healthy young men, whereas the 
remaining two showed no effects in asthmatics and young men at levels of 
0.20 ppm and 0.25 ppm, respectively. In reviewing the standard-setting 
process, Melnick (1983) observed that the Delucia and Adams study was 
“the single most important clinical evidence relied upon by the EPA” when 
recommending a revised standard. While those advocating a more relaxed 
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potentially in sensitive persons at exposure levels of 0.10 ppm (Landy et al., 
1990). Although the document recognized that the “lowest observable ad- 
verse effects levels” (LOAEL) had not been observed in any clinical studies 
on humans at exposure levels below 0.15 ppm ozone, it noted experiments 
showing respiratory infection in animals, and possible interactive effects 
involving other air pollutants. The OAQPS’s Shy Panel and risk assessment 
analyses supported the 0.15 ppm ozone concentration as the threshold point 
for health effects. However, the SAB never approved this version of the 
criteria document because its members believed the conclusions were based 
too heavily on flawed studies indicating health effects below 0.25 ppm 
ozone concentration, such as the Delucia and Adams study (Melnick, 1983). 

Soon after the release of the criteria document, the EPA recommended 
that the standard be relaxed to 0.10 ppm. At the ensuing series of public 
hearings, the American Petroleum Institute (API) suggested a 0.25 ppm 
ozone standard based on the “lack of firm evidence of significant adverse 
health effects near the proposed standard.” In contrast, the American Lung 
Association and Environmental Defense Fund argued that the exposure to 
concentrations of 0.08 ppm ozone had not been proven safe. In addition, 
concerns about the cost of implementing an overly conservative standard 
led RARG to recommend an ozone concentration standard of 0.14 ppm. 
(See Landy et al., 1990, for a summary of the various responses.) Clearly, 
as Melnick (1983) summarized, “the answer to the question of where health 
effects begin usually depends on whom you ask.” 

The EPA administrator eventually selected a “compromise” standard of 
0.12 ppm incorporating a 1-hour averaging time. According to Melnick 
(1983), this represented a health effects threshold of 0.15 plus a 20 percent 
margin of safety. Although the criteria document identified options for the 
EPA administrator to consider, including a more conservative formulation, 
the EPA administrator had to consider public policy issues and feasibility of 
implementation. Considering the uncertainties surrounding definition of the 
standard and the incompleteness of scientific information, the administrator 
could conclusively identify only a range in concentration rather than a spe- 
cific concentration level. In the end, as Douglas Costle, the administrator, 
later stated, selection of the concentration level “was a value judgement” 
(Landy et al., 1990). The role of scientific information in the selection 
process was further put into perspective when, during the 1988 review of 
the standard, the EPA wrote: 

Although scientific literature supports the conclusion that particular ozone 
concentrations and exposure patterns may pose risks to human health, sci- 
entific data can only identify the limits of a range within which a standard 
should be set. Specific numeric standard levels, frequency of allowable 
exceedances, and averaging times are largely a public policy judgement 
(EPA, 1988, p. viii-8). 
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As noted earlier, questions about the costs of attaining the present stan- 
dard arose during the standard revision process in 1978. However, it is 
difficult to evaluate the merits of incurring the costs of attainment unless 
the savings are compared with the associated benefits. Until recently, there 
were few attempts to quantify both sides of this complex equation, partly 
because methodologies for doing so were unavailable. Recently, two stud- 
ies have been published that attempt to make this comparison. Krupnick 
and Fortney (1991) examined the costs associated with attaining the present 
standard in the Los Angeles Basin and concluded that they significantly 
outweighed the benefits. However, the authors were careful to note that 
uncertainties were rife in their estimates and that the study actually was 
intended to stimulate discussion: 

Finally, implicit in our discussion is discomfort with the premises on which 
our nation’s air quality standards are now based. If, as seems likely, there 
are no pollution concentrations at which safety can be assured, the real 
question in ambient standard setting is the amount of risk that we are 
willing to accept. This decision must be informed by economics. Al- 
though such economic considerations should never be allowed to dominate 
air pollution control decisions, it is inappropriate and unwise to exclude 
them (Krupnick and Fortney, 1991, p. 527). 

Hall et al. (1992) used a methodology developed under contract to the 
South Coast Air Quality Management District to make similar comparisons 
for ozone (as well as an assessment of PM- 10) and estimated that the ben- 
efits of attaining the ozone standard would be $1.2 billion to $5.8 billion 
annually, with a best estimate of $2.7 billion. In presenting the implications 
of the study, the authors discuss the state of the methodology relative to 
policy decision making. 

One (implication) is that benefit estimation has not reached the maturity 
that policy-makers would like and cannot yet provide definitive answers to 
difficult economic questions (Hall et al., 1992, p. 816). 

As Lippmann noted in the conclusion of his 1991 review, in reference 
to the need for a more definitive data base on the chronic effects of human 
exposure to ambient ozone: 

Further controls on exposure to ambient ozone will be extraordinarily ex- 
pensive, and will need to be very well justified .... It is therefore 
important that health scientists and control agency personnel understand 
the nature and extent of human exposure and the effects they produce to 
communicate health risks effectively to the public, and to help develop 
realistic priorities and feasible options for reducing human exposures (Lippmann, 

1991, p. 1956). 
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In 1990, Congress decided to preserve the present standard-settin 
cess rather than to adopt an approach that explicitly takes into accoun 
benefits and costs. However, some (e.g., Krupnick and Portnev 
argue that costs should be explicitly examined in the process of devel 
legislation. If this is to be done. Congress must confront two issues, 
methodologies for estimating benefits by assessing the cost savings i 
duced risks to health are likely to remain imprecise for some time. Se 
and more important, a benefits-cost approach to valuing human life is ] 
to be perceived negatively by the public. In the past. Congress has 
very reluctant to deal directly with the issue of “value of human life ' 
we should not expect a major shift now. ’ 

Finally, as evidenced by the discussion of earlier efforts the stani 
setting process transcends scientific knowledge alone. The EPA admini 
tor must also take into account a number of factors that affect the con 
plated legislation or are put into effect by it— for example, the legal 
sociological implications of a proposed change. The standard-setting 
cess is not well defined. Decision making involves weighing many fac 
unique to the situation at hand; thus, the process does not lend it e 
specification a prion. 

standard-setting process and its attendant problems illustrate 
difficulties of formulating environmental legislation that includes un 
biguous information on anticipated effects or possible outcomes in circ 
stances that are characterized by substantial uncertainties. The current s 

additional information is ali^ 
needed Nevertheless, decisions must be made. Science provides the clea 
available statements, of current knowledge, including uncertaintierand 
ormation gaps This information is incorporated into legislation after po) 







• Should reductions in VOC or NO, emissions or both be favo 
pursuing attainment of the ozone standard? 
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emissions reduction. At various times during thi 
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and examination of data collected at monitoring sites in several U.S. cit- 
ies — led officials of the National Air Pollution Control Administration (NAPCA) 
to conclude in 1970 that reduction of VOC emissions would be the appro- 
priate mechanism for effecting reductions in ambient ozone concentrations. 
Los Angeles officials believed that NO^ controls should be implemented as 
well, on the basis of smog chamber studies carried out locally. NAPCA 
scientists questioned the reliability of these results and tended to dismiss 
their significance. Both the monitoring data and the federal chamber work 
were limited in extent and in accuracy because measurement methods and 
chamber techniques were still in evolution. Yet they constituted the pri- 
mary available evidence (personal communication with B. Dimitriades, 1992). 

Other factors influenced decision making. Eye irritation experienced in 
the Los Angeles Basin was attributed to the presence of formaldehyde, 
acrolein, and possibly other organic compounds, and controlling VOCs would 
mitigate this insult. Cost analyses indicated that reducing VOCs would be 
less expensive, per ton of emissions, than reducing NO^^. Methods that 
appeared effective in reducing VOC emissions from motor vehicles also 
appeared effective in reducing carbon monoxide emissions, another pollut- 
ant of concern. The net result was a determination that reduction of VOCs 
was the appropriate measure for reducing ambient ozone concentrations 
(personal communication with B. Dimitriades, 1992). 

At an early stage in federal efforts to reduce precursor emissions, an 
ambiguity arose in control philosophy. The 1970 and 1977 CAAAs re- 
quired a 90 percent reduction in VOC and NO^^ emissions from motor ve- 
hicles. Legislators presumably saw “cleanup” of automotive emissions as 
an opportunity to challenge the automotive industry to reduce both precur- 
sors by developing novel control technology. However, this focus on con- 
trolling NOj^ as well as VOCs for motor vehicles did not carry over to 
stationary sources for some time: federal requirements for regulating NO^^ 
emissions from these sources were not instituted until 1990. (To be sure, 
NOj^ emissions from stationary sources often affect ozone control strategies 
quite differently than NO^^ emissions from mobile sources and surface sources 
in general. However, this issue seems not to have been explicitly addressed 
either.) 

In the mid-1970s the Bureau of Mines presented findings of smog chamber 
experiments in which auto exhaust was irradiated (Dimitriades, 1972). The 
results suggested that, under conditions typifying ambient concentrations in 
urban areas, control of NO^^ emissions may lead to increases in ozone con- 
centrations, or at least reductions in the size of the decrease that would be 
achieved through control of VOCs alone. Although the EPA accepted these 
findings as evidence supporting its earlier policy decisions, criticism of this 
position followed. Primary concern focused on the tenuous technical basis 
for the so-called Appendix J curve (see Figure 1) — a plot of ozone versus 
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Maximum Measured 1-hour Photochemical Oxidant Concentration (pp i) 



Maximum Measured 1-hour Photochemical Oxidant Concentration (pg/rr ) 

FIGURE 1 “Appendix J” curve. Required hydrocarbon emission control as a ft 
tion of photochemical oxidant concentration. NOTE: No hydrocarbon or ph< 5 - 
chemical oxidant background assumed. SOURCE: Environmental Protection As i- 
cy (1971). ® 


VOC concentrations for cities where such data were available (FR, Vol. ' i 
April 30, 1971). Each point plotted represented the peak ozone Ld V( 
concentrations for a city. The “Appendix J” curve was a nonlinear envelo e 
that confined all plotted points below it; it thus was intended to represent i 
upper bound on feasible combinations of maximum VOC and ozone concc - 
trations. The plot suffered from several deficiencies. Data were availal ; 
for only six cities. data were virtually nonexistent; the data that wc ; 
available were of questionable accuracy. (The VOC data were inaccurate i 
well.) Critics were concerned that conclusions were being drawn frc i 
inadequate evidence— few data and weak analytical relationships. In sho 
Appendix J was viewed as being “too empirical” and very likely unreliabi ! 
The EPA’s response to this criticism was the “son of Appendix J,” the co 
ceptual version of what was very soon to become the EKMA— the empiric 
kinetic modeling approach (Dimitriades, 1977). 

During the last half of the 1970s, considerable effort was devoted 
developing information about chemical reaction rates and product distribi 
tions and to studying collective chemical dynamics in smog chambers. Th 
information was used to estimate parameters for mathematical represent: 
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tions of atmospheric chemical dynamics (chemical mechanisms) that were 
under intense development (Atkinson and Lloyd, 1984). The data were also 
used to evaluate the capabilities of mechanisms to emulate chamber obser- 
vations. These efforts produced substantially improved chemical mecha- 
nisms that were used in the EKMA and in photochemical models. 

The development of models capable of simulating the dynamics of at- 
mospheric processes that lead to ozone formation (commonly termed photo- 
chemical models, or “grid” models) began about 1970. By 1973 the EPA 
had committed its research efforts to supporting continued development of 
the Urban Airshed Model (UAM) (Reynolds et al., 1973). The UAM, modi- 
fied a number of times, is the model currently designated for use by the 
agency (EPA, 1991). The model saw very limited application — solely in the 
Los Angeles Basin — during the mid-1970s; more widespread and intense 
application began in 1979 and has continued to this day. 

Because the UAM was designed to simulate both meteorological and 
chemical processes and because it is both spatially and temporally resolved, 
it was judged a potentially more reliable simulator of atmospheric dynamics 
and ozone formation than its predecessors. By 1982 both the EKMA and 
UAM were recommended for use in specific applications; by 1986 the UAM 
use was generally favored whenever data were available to support the 
application. 

The EKMA models produce two-dimensional plots of VOC and NO 
emissions, on which are drawn contours of constant peak ozone concentra- 
tions (see Figure 2). The shapes of these contours at lower VOC and higher 
NO^ emissions levels (see, for example, point A) indicate that decreases in 
VOC emissions will reduce peak ozone concentrations, but decreases in 
NO^ emissions will have the opposite result. Urban Airshed Model simula- 
tions, using the same chemical mechanisms and taking into account full 
three-dimensional flow patterns as well, produced similar findings. Since a 
number of urban areas appeared to have “operating points” near or above 
“the ridge” in the diagram, EKMA modeling carried out from 1977 through 
1982 generally supported VOC controls. However, the scientific commu- 
nity was aware of the uncertainties and limitations in modeling, of the 
limitations in aerometric data bases, and of the uncertainties in emissions 
representations: the evidence was incomplete. 

During the historical period under review, evidence was offered and 
concerns were expressed at various times about the potential merits of re- 
ducing NO^ emissions. Results of chamber studies conducted by the Bu- 
reau of Mines in the mid-1970s indicated that at high ambient VOC/NO 
ratios, it would be more beneficial to reduce NO^ emissions (Dimitriades! 
1977). The EPA believed that these conditions prevailed in rural, not urban! 
areas. The agency’s concern was the reduction of ambient ozone in popula- 
tion centers; VOC controls were expected to suffice in these critical areas. 
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VOC Emissions — 

FIGURE 2 Hypothetical ozone isopleth (EKMA) diagram. 
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VOC is needed to achieve a specified ozone concentration when is 
reduced than when it is not. Thus, if air pollution in an urban area is of 
concern, the diagram suggests control of either, but not both, precursors. 
However, if there is reason to reduce emissions to mitigate another air 
pollution problem, such as PM- 10, the overall effectiveness of a strategy 
aimed at meeting two specified targets must be assessed; in this case, con- 
trol of both precursors may be preferred. The issue of overall effectiveness 
also arises in considering the transport of pollutants as well; “hybrid” con- 
trol strategies may be needed to meet both local and regional air quality 
goals. 

Evidence of a different nature supporting the potential benefits of 
control in certain circumstances emerged during the mid-1980s. Trainer et 
al. (1987) found, through observations made during periods of elevated 
ozone concentrations in rural locations in Colorado, that concentra- 
tions were very low. In such circumstances, control of VOC was likely to 
be ineffective; NO^ control would be required in order to reduce ozone 
appreciably. In carrying out EKMA modeling for Atlanta, Chameides et al. 
(1988) found that when biogenic emissions were included in the inventory, 
the magnitude of VOC reductions needed to attain the ozone standard in- 
creased to a level surpassing the estimated NO^^ control requirement. In 
effect, the high biogenic emissions in the Southeast appear to elevate the 
ambient VOC/NO^ to levels favoring NO^^ control over VOC control. 

At about this time, the congressional Office of Technology Assessment 
(OTA) issued a report entitled, Catching Our Breath (OTA, 1989) that ques- 
tioned whether VOC control was sufficient to ensure attainment of the ozone 
standard. From a series of analyses examining air quality in a large number 
of U.S. cities, the OTA concluded that 

[L]ocal controls on VOC emissions cannot completely solve the Nation’s 
ozone problem. New control methods will be needed, but looking beyond 
the traditional controls raises challenging new technical and political is- 
sues. One promising approach for some areas is controlling NO^^, both 
locally and in areas upwind of certain nonattainment cities. 

In addition, the report stated that 

Congress might wish to require studies to determine which areas would 
indeed benefit from NO^^ controls. On the other hand, it may instead wish 
to require controls everywhere, but allow for exemptions in places where 
they are useless or counterproductive in reducing ozone (OTA, 1989, p. 

20 ). 

During the period from 1989 to 1992, a series of disparate studies — 
monitoring, modeling, and data analyses — strongly indicated that invento- 
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Ties in California substantially understate overall VOC emissions, 
by a factor of two. These studies included measurements of VOC, h 
CO m the Van Nuys tunnel and comparison with emissions estimates 
et al., 1989), remote instantaneous roadside measurements of emissic 
individual vehicles and analyses of data acquired during inspection 
mobiles in California (Lawson et al., 1990), analyses of ambient an 
sions ratios (Fujita et al., 1992), UAM simulations carried out by 
staff (Wagner and Wheeler, 1991), and photochemical air quality 
simulations (Harley et al., 1992). The studies showed that underst 
of VOC emissions appears to be in large part attributable to biases 
mated mobile source emissions. If, indeed, total VOC emissions ha- 
underestimated by a factor of two or thereabouts (and boundary anc 
conditions are maintained approximately the same), then correctin 
would increase the emitted VOC/NO^ by a similar factor, shifting th 
tive mixture represented in models toward an NO^-lean environmt 
shifting relative emissions control benefits from VOC toward NO ( 
either boundary conditions or initial conditions or both have probabl 
increased m modeling exercises within their ranges of uncertainty to cc 
sate for the unrecognized underestimation of VOC emissions. Thus, or 
determine the aggregate loading of emissions and initial and boundary 
tions to establish the extent to which the estimated relative benefits o 
versus NO^^ controls shift in correcting for underestimated VOC emissi' 
during the 1980s confirmed the inhibitory efl 
NO^ emissions controls in subregions near major source centers, 
findings merely heightened the dilemma: NO^ controls appear to be t 
cial in some conditions, detrimental in others. Currently, photochi 
modeling (i.e., “the modeling system”— a meteorological model, an air c 
model an emissions representation, and requisite supporting data) sin 
not sufficiently reliable to establish unambiguously the circumstance 
extent of benefit and detriment. Moreover, sufficient data are not avs 

or most areas to make a reliable case through analysis. Thus the c 
continues. 

In densely populated, multiple-city regions such as the Northeast 
cursors and ozone can be transported from one metropolitan area to an 
influencing pollutant formation in the downwind area. This situati 
exceedingly complex and requires considerable study to gain a prone 
derstanding of control requirements. Work to date that has indicate 
benefds of employing NO^ controls for a range of circumstances is in 
mg However, these results cannot be viewed as definitive because c 
inadequacy of supporting data bases and certain restrictive assumptior 
sociated with the Regional Ozone Model (Reynolds et al 1992) 

In 1990 California enacted legislation that, if implemented, would 
date new standards for vehicle emissions and regulate all types of 
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equitably , permissible emissions limits are related to the “reactivity” of the 
fuel. California regulation is based on a reactivity adjustment factor (RAF), 
where RAF is equal to the ratio of ( 1 ) the amount of ozone formed per gram 
of tailpipe emissions of alternative fuel to (2) the amount of ozone formed 
per gram of tailpipe emissions of conventional gasoline in a comparable 
vehicle. 

While considerable attention is being given to developing reactivity 
factors in California, research being carried out at the University of North 
Carolina (Jeffries and Crouse, 1992) suggests that, in environments where 
the pool of free radical species is sufficient to promote and sustain reac- 
tions, about half of the total ambient ozone is formed through the oxidation 
of the least reactive species, notably methane, carbon monoxide, and paraf- 
finic hydrocarbons. At the same time, reactive, radical-forming species, 
such as formaldehyde, are needed to ensure the sufficiency of the radical 
pool. Results of continuing research may clarify the relative importance of 
reactivity in determining the contributions of VOC constituents to ozone 
formation. Should research findings indicate that less, as well as more 
reactive VOCs contribute significantly to ozone formation, this would sug- 
gest that it may be difficult to control adequately all sources of organic 
compounds because of their often high concentrations, ubiquitousness, and 
sometimes natural origins. An implied consequence of such an outcome is 
the need for controls. 

In 1991 the National Research Council issued Rethinking the Ozone 
Problem in Urban and Regional Air Pollution. In that report (p. 11), the 
authors state that “to substantially reduce ozone concentrations in many 
urban, suburban, and rural areas of the United States, the control of NO 
emissions will probably be necessary in addition to, or instead of, the con- 
trol of VOCs.” Considering the findings of past studies, areas likely to 
benefit from NO^^ control include rural areas (very low NO^^ concentrations), 
regions having high levels of biogenic emissions (such as the Southeast), 
and cities where industrial emissions of VOCs are high. In addition, NO ' 
controls may be beneficial in urban areas that are located in a multicity 
“high ozone” region that experiences long distance transport. However, 
atmospheric dynamics and emissions patterns, including biogenics, at the 
regional scale merit considerable study before conclusions are reached. The 
NRC report has rekindled and refueled the VOC versus NO^ debate; the 
issue is stimulating vigorous inquiry. 

This discussion points out the lack of clarity that has plagued the VOC 
versus NO^ controversy for nearly two decades. Although the debate resurges 
from time to time, the EPA has basically promoted VOC control as the 
principal path to attaining the ozone standard, with two main exceptions. 
First, as previously noted, in both the 1970 and 1977 amendments Congress 
mandated 90 percent reductions in NO^^, as well as VOCs from motor ve- 
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hides. Second, in Title I of the 1990 amendments, Congress mandat 1 15 
percent reductions in VOCs over the first six-year period and 3 p( cent 
reductions per year of some combination of VOC and NO^ thereafter mtil 
the area attains the ozone standard. During the post- 1996 period, 
reductions can be substituted for some or all of the VOCs. Further; ore, 
Title I, Section 182(f), requires implementation of NO^ controls, RACI and 
NSR for stationary sources for urban areas classified as extreme, S€ ere, 
serious, and moderate for ozone-related air pollution, unless the admin ;tra- 
tor determines that some or all reductions in NO^ would not contribi e to 
attainment or would not result in either net air quality or ozone ber fits. 
(Note that the possibility of exempting NO^ does not extend to V )Cs, 
Should reductions in VOC emissions prove to be not beneficial for an rea, 
the reductions must still be made. Thus, the 1990 amendments ref] ct a 
bias toward VOC control.) Congress also required a reduction of twc nil- 
lion tons per year in NO^^ emissions from fossil-fuel-fired power genei ting 
stations. Although this Title IV requirement is motivated by a desi 5 to 
reduce the deposition of nitric acid, it also reduces the amount of TO 
available for participating in ozone formation. 

Studies conducted or reported beginning in the mid-1980s appe r to 
have had the greatest influence in promoting the inclusion of NO^ emis ons 
reductions in the 1990 amendments. Until that time, evidence suppc ting 
NO^ controls appears to have been viewed as either weak or unreli ble. 
Thus, NO^ emissions from stationary sources remained unregulated s the 
national level for two decades. (NO^^ emissions from stationary so 'ces 
have been regulated in California for over a decade through a long seri s of 
rulemakings. CARD pursued this alternative course in the belief that ai iin- 
ment of the standard could not be achieved in the state without taking uch 
actions.) However, as of this writing, the merits of NO^ controls an not 
well established. For example, Wagner et al. (1992) found, through a )m- 
prehensive series of sensitivity runs, that controls do not appe * to 
contribute to reductions in ozone concentrations and population exposu 3 in 
the South Coast (Los Angeles) Air Basin. 

In summary, available evidence suggests that there is no current ju :ifi- 
cation for regarding either VOC or control as being generally : ore 
effective. At the same time, the traditional case-by-case approach that )re- 
vailed prior to 1990 has been replaced by one in which presumptive cor 'ols 
are mandated, but the component can be altered in accordance /ith 
area-specific modeling results and other related evidence. 


Range of Objectives 

• Should controls of VOCs and NO^ be based on a desire to re uce 
PM- 10, visibility impairment, and acidity as well as ozone? 
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• Should planning for improving air quality, focusing on all elements, 
be integrated? If so, is integration feasible? 

Volatile organic compounds, NO^^, and sulfur oxides (SO^^ = SO^ + SO 3 ) 
are precursors to the formation of suspended particles (PM- 10 and PM-2.5), 
atmospheric acidity and acidic deposition, and impairment of visibility, as 
well as to ozone and other atmospheric oxidants. Nitrogen oxides and other 
pollutants influence free radical concentrations and thus atmospheric chem- 
istry in general, as well as the concentrations of free tropospheric ozone, a 
greenhouse gas. Despite these interrelationships among pollutants, exami- 
nation of issues and the making of regulations has, for the most part, oc- 
curred without serious consideration of the linkages. In most instances, 
ozone and oxidants, SO 2 and sulfates, acidic deposition, and fine particles 
have been examined separately. The exceptions include linking acidic deposition 
and sulfur oxides since 1980 (SO^^ was treated alone before that time) and 
linking visibility impairment and fine particles. 

Proper attention to the interrelationships can influence the development 
of long-term emissions control strategies. For example, a reluctance to 
reduce emissions in order to attain the ozone standard might be coun- 
tered by a desire to reduce to lessen acidic deposition or formation of 
fine particles. One might speculate that, were interpollutant issues treated 
as such through the 1980s, attention would have been given to the merits of 

control at an earlier date. 

In the late 1960s, the NAPCA identified ozone and oxidants, CO, par- 
ticulate matter, hydrocarbons, SO 2 , and NO 2 as criteria pollutants. “Criteria 
documents” were drafted for each. State or federal implementation plans 
generally addressed control strategies separately for each secondary nonattain- 
ment pollutant (i.e., a pollutant not directly emitted, but formed in the 
atmosphere through chemical reaction) and its precursors. In effect, this 
artificially disentangled one reactive system from the other. Existing links 
generally received only passing attention, or they were ignored. This ap- 
proach persists today. 

No rules prevent an agency from preparing an SIP or FIP that examines 
and respects the linkages. Even though a historical precedent has not been 
established, the vehicle for such examination exists. Both Catching Our 
Breath (OTA, 1989) and Title IX of the 1990 amendments recognize the 
need to establish links and interactions. The OTA notes that “NO^^ emis- 
sions affect more than just nonattainment area ozone concentrations, further 
complicating the decision about whether to mandate controls. NO^^ emis- 
sions contribute to acid deposition.” Title IX directs that the administrator 
of the EPA “shall conduct a program of research, testing, and development 
of methods for sampling, measurement, monitoring, analysis, and modeling 
of air pollutants. Such program shall include . . . consideration of indi- 
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vidual, as well as complex mixtures of air pollutants and their ( 
transformations in the atmosphere . . . and interactions of ozone w 
pollutants.” Here, recognition of the need and the appropriatene 
pressed in a research prescription. The findings of the research w 
ously be applied only over the longer term. 

The potential for formally examining interrelationships has ex 
some time. Knowledge gained from the study of individual grou 
pollutants is certainly applicable. Recognition of the desirability ( 
ining the complex interrelationships among pollutants is reflecte 
formation of the Consortium for Advanced Modeling of Regional A. 
ity (CAMRAQ) (Hansen et al., 1992). This group consists of pub] 
cies and associations representing research interests of the privat 
The CAMRAQ was formed in 1991 at the suggestion of the Electri 
Research Institute (EPRI). It subscribes to the following principles 

• Air pollution occurs over a range of spatial scales, and i 
should reflect this attribute. 

• Air pollutants are linked chemically in the atmosphere, and t 
and representation of their reactions should be appropriately con 
sive. 

• The problems are the concern of virtually all public agen^ 
private sector interests with operations that emit substantial amoun 
pollutants. 

• A consortium may prove to be a convenient means for esta 
research needs and funding the requisite efforts. 

• Large-scale modeling using high-speed advanced computii 
niques will be essential to this pursuit. 

The EPA is an active member of CAMRAQ; it has also receni 
ated its own program of advanced, interlinked modeling. 

Because both the CAMRAQ and EPA programs are in their fc 
phase, it is difficult to anticipate the full nature of the progranr 
carried out, the relevant levels of effort, or the schedules for de> 
products and findings. 


Spatial Scales 

Pollutant processes at the regional and urban scales can be high 
active: emissions and air quality in surrounding regions can contrit 
nificantly to ozone formation in urban areas, and ozone formed i 
areas can contribute significantly to regional ambient ozone concen 
Accounting for the transport of ozone and its precursors to do 
nonattainment areas is a problem that plagues the development of st 
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for attainment. Field studies carried out in the late 1970s and the early 
1980s identified transport as a significant issue for a number of nonattainment 
areas; however, only recently has it been addressed in amendments to the 
Clean Air Act. In this section, we briefly review the understanding of 
ozone transport and discuss the extent to which legislation, regulation, and 
guidance have addressed the issue. Two “transport-related” questions are 
central to developing effective regional ozone strategies: 

• At what spatial scales is effective planning for pursuing attainment 
of the ozone standard best achieved? 

• For larger and more heterogeneous regions, should spatial variability 
in emissions control requirements be introduced? If so, under what circum- 
stances? 

Before the early 1970s, little, if any, attention was given to establishing 
the potential role of transport in ozone formation. Since 1974, measure- 
ment programs carried out in the Midwest, the East, and California have 
identified urban plumes and regional (ozone) background of anthropogenic 
origin as contributing significant amounts of ozone and precursors (mainly 
aged hydrocarbons) to downwind urban nonattainment areas under “favor- 
able” meteorological conditions. In the aggregate, these studies character- 
ized conditions conducive to transport and monitored concentrations of trans- 
ported pollutants at ground level and aloft. 

The Midwest Interstate Sulfur Transformation and Transport Study 
(MISTT), conducted in the mid-1970s, was among the first studies to iden- 
tify transport as an issue (White et al., 1976). Investigators determined that 
ozone was formed in the pollutant plume originating in St. Louis. They 
were able to map its size and shape and estimate its distance of transport. 
In 1979 the Northeast Regional Oxidant Study I (NEROS I) — a field study 
in which aircraft were used to carry out measurements — demonstrated the 
transport of ozone from Ohio to the East Coast (Clark and Ching, 1983). In 
addition although they were primarily aimed at acidic deposition, field mea- 
surement and air quality modeling efforts that were a part of the National 
Acid Precipitation Assessment Program (NAPAP) identified ozone transport 
paths and the meteorological conditions associated with pollutant transport 
in the eastern United States (NAPAP, 1991). 

In California, studies designed to document transport included tracer 
and aircraft measurements between the Sacramento River Delta and the San 
Joaquin Valley (1976), within the San Joaquin Valley (1979, 1984, 1990), 
and between the San Francisco Bay Area and the valley (1990). The 1974 
Aerosol Characterization Experiment (ACHEX) and 1981 Southeast Desert 
Air Basin Study (SEDAB) provided evidence of transport from the Los 
Angeles Basin to the southeast desert area. Two studies documented trans- 
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port between Los Angeles and Ventura (1983) and Los Angeles and Santa 
Barbara (1985), and identified associated meteorological conditions. By the 
mid-1980s, regional transport was broadly recognized as a principal contribu- 
tor to nonattainment of the ozone standard in many parts of the country. 

As noted, the Clean Air Act amendments adopted through 1970 did not 
specifically address transport nor did they give much attention to nonattainment 
planning. With the passage of the 1977 amendments, two changes occurred. 
First, the act recognized transport. However, emphasis was given to emis- 
sions from individual sources located in attainment areas and their impacts 
on air quality in nonattainment areas located across state boundaries [Sec- 
tions 110(a)(2)(E) and 126]. Second, the act specifically defined the re- 
quirements for the state implementation plan for ozone by adding Part D to 
Title I, which addresses stationary source permit and planning issues. Still, 
neither the act nor subsequent regulations required that planning specifi- 
cally account for transported pollutants. In fact, guidance through the 1980s 
generally led states and local districts to select ozone episodes involving 
minimum transport for modeling and planning purposes. Thus, agencies 
tended to restrict planning to examining local impacts of local emissions 
(personal communication with A. Ranzieri, 1992; personal communication 
with R. Scheffe, 1992). 

An approaching December 1987 deadline for ozone attainment led the 
EPA, concerned with future SIP efforts, to address issues associated with 
transport and more extended spatial scales. The agency released a docu- 
ment entitled, “Post- 1987 Planning Guidance” (FR, Vol. 52, November 25, 
1987), which extended earlier guidance to include knowledge gained from 
the review of the latest planning efforts. The document recommended that 
planning studies using photochemical models take into account sources that 
were up to 25 miles upwind of a CMSA. Emissions from sources farther 
upwind were to be reflected in pollutant concentrations at the upwind boundary. 
However, no specific requirements for control of emissions from these up- 
wind sources were developed apart from those needed to attain and main- 
tain the ozone standard locally because no regulations had ever been issued 
to support Sections 110 (a)(2)(E) and 126. 

Two significant technical impediments forestalled development of the 
information needed to formulate regulations. First, the EKMA (the model 
recommended by EPA for use in SIP development) had a number of short- 
comings that seriously limited its applicability to assessing control strategy 
options. Although the model contained a sophisticated chemical mecha- 
nism, its treatment of meteorology was overly simplified. Transport from 
upwind areas could not be adequately characterized. Moreover, as a result 
of the assumptions on which it was based, the model was not appropriate 
for simulating multiday episodes, which precluded using it to assess trans- 
port at distances greater than that covered in a travel time of about 10 hours 
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between the initial location of an upwind air parcel and downwind areas of 
interest. Second, there was, and continues to be, a paucity of data on air 
quality, meteorology, and emissions needed to operate and evaluate the EKMA 
(as well as more sophisticated urban scale photochemical grid models such 
as the Urban Airshed Model). 

The 1990 amendments recognized concerns about transport of ozone 
and its precursors between urban areas in a region by adding two new 
sections to the act. Section 176A establishes authority for states or the EPA 
administrator to form interstate transport commissions empowered to rec- 
ommend regional approaches to mitigating interstate pollution. As noted 
earlier. Section 184 specifically addresses control of interstate ozone air 
pollution and mandates a Northeast transport region consisting of 11 states 
from Maryland to Maine and the District of Columbia, with the subsequent 
addition of Virginia. However, none of the mandated requirements in Sec- 
tion 184 addresses the larger issue of regional planning. 

Although little technical guidance has been offered in accounting for 
transport in planning, only limited experience exists upon which to base 
such guidance. The EPA “Guideline for Regulatory Application of the 
Urban Airshed Model” (EPA, 1991) supports the necessity of modelling 
episodes associated with upwind transport as well as episodes that are pre- 
dominately locally generated. Issues associated with geographical scale are 
recognized, and the EPA recommends that the spatial extent of an upwind 
region be set “as large as feasible ... to reduce the dependence of predic- 
tions on uncertain boundary concentrations and to provide flexibility in 
simulating different meteorological episodes.” Even so, the agency recog- 
nizes that, as a practical matter, there may not be enough data to extend the 
upwind boundary sufficiently. Thus, the agency further recommends that 
states use its regional oxidant model, a coarse-scale, first-generation re- 
gional model, to provide upwind boundary concentrations for urban-scale 
modeling. Nowhere in either this guideline or other EPA documents are 
there specific recommendations for evaluating the merits of uniform versus 
spatially variable emissions controls. 

The 1988 California Clean Air Act specifically recognized the need to 
assess the impacts of transport from upwind areas in planning and to mini- 
mize its impacts over the longer term. Both the act and subsequent regula- 
tions require that upwind nonattainment areas develop control strategies 
that will attain the state and federal ozone standards and also mitigate (to 
the extent possible) transport to a nonattainment area located downwind. 
Control requirements are established for upwind areas; they specify the 
levels of reductions in VOC and NO^^ emissions and the percentage of sources 
that must be controlled. However, an alternative set of controls that is 
equally or more effective, as demonstrated by modeling, is allowed. Down- 
wind areas are required to provide the reductions needed to mitigate the 
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exceedance of the standards that would occur if there were no t 
(California Clean Air Act, AB 2595, Chapter 1568, Statute of 1988; 
ever, similar to the national situation, specific technical guidance h; 
be developed for carrying out the analyses needed to meet these mj 
As indicated, the EPA has been slow to develop regulations or ^ 
for addressing pollutant transport issues associated with ozone, 
part, this has been because there are no specific data suitable for ai 
modeling and analysis of long-range transport, activities that would 
the means for determining the appropriateness of alternative actic 
The language of the 1990 amendments does not mandate that the 
velop a plan encompassing transport issues. Rather, the states coi 
an ozone transport commission are empowered to do so, followi: 
issued guidance. These plans are subject to approval by the EPA. 

At this time it is quite difficult, unfortunately, to address subs 
the two questions posed at the outset. Current knowledge is ina 
During the 1980s, either the long-term funding needed to support 
tion of data and improvement of models was unavailable, or the ] 
studies were judged to be of insufficient priority to receive the r 
financial support. Currently, three comprehensive monitoring and i 
studies focusing on ozone are in progress one in central Calif o 
compassing the region from the San Francisco Bay Area to the soul 
of the San Joaquin Valley, the second in the area encircling south 
Michigan, and the third in the southeastern United States. The 
studies were specifically designed to provide data bases to suppor 
oriented photochemical modeling and will be using a second-g^ 
regional ozone model to evaluate alternative potential control s 
The findings of these studies should provide valuable information 
ning regional ozone attainment strategies. 

The basic issues facing policymakers today who are concernec 
quality planning on a regional scale include determining. 

. If a mixed or hybrid strategy— for example, VOC control 
ban area and NO^ control in the surrounding rural areas— is lik 
preferred over more traditional uniform strategies, 

• The levels of emissions reductions needed in the urban 

areas, 

• The amount of transport to downwind urban centers that is 
occur under emissions control, 

• The impact of that transport on downwind metropolitan are 

• The actions that should be taken to mitigate adverse effe 
quality in downwind areas. 

Efforts are needed to develop procedures for strategic plann 
regional level. For example, one might elect to evaluate control 
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sequentially, starting with the specification of measures for attaining the 
standard in the nonattainment area farthest upwind. Efforts to determine a 
preferred strategy for the area immediately downwind would then take into 
account concentrations of “imported” ozone and precursors. We advocate 
developing both the needed modeling and strategic planning capabilities as 
soon as practicable. 

Motor Vehicles: Inspection and Maintenance 

• Are motor vehicle emissions being effectively reduced through fleet 
emissions reductions and inspection and maintenance (I/M) procedures? 

Four general approaches have historically been taken, or are being con- 
sidered, to reduce automotive emissions: (1) technological improvements 
and modifications to motor vehicles to meet tighter tailpipe and evaporative 
emission standards and requirements for in-use compliance with the stan- 
dards; (2) vehicle inspection and maintenance programs; (3) use of reformu- 
lated gasolines or other fuels that either reduce emissions of pollutants or 
are less reactive in the atmosphere; and (4) transportation control measures. 
In this section, we review the legislative and regulatory history of the first 
two approaches, with emphasis on the passenger vehicle. We highlight 
some of the issues that have been associated with these approaches. 

Transportation control measures are discussed in a later section. We 
will not examine the third approach because the requirement for reformu- 
lated gasoline has only recently been introduced, and it is premature to 
examine the issue in this paper. 

Technological Improvements and Modifications to the Motor Vehicle 

Congress, in amending the Clean Air Act in 1970, established emission 
standards that required a 90 percent reduction of hydrocarbons, CO, and 
from the base year of 1970 for light duty vehicles (1971 for NO^^). The 
standards for CO and VOCs were to be met by 1975 and for NO^^ by 1976. 
Although regulators may have held opinions concerning the means for achieving 
the specified reductions, the legislation and subsequent regulations avoided 
prescribing a methodology. Rather, required targets for emissions reduc- 
tions were set, in effect forcing technological development. However, this 
development required more time than was allotted in the initial legislation. 
In August 1972 automakers petitioned the EPA for a one-year waiver, indi- 
cating that development of a catalytic converter required more time (Quarles, 
1976). The EPA denied the petition, and the automakers filed for judicial 
review of the decision. An appeals court overturned the EPA’s ruling, and 
additional hearings were held. In April 1973 the EPA granted a one-year 
delay based on the testimony at the hearings, but at the same time it tight- 
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ened emissions requirements. Delays were granted two additions 
through 1975 for a variety of reasons. Congress, through the 197 
Air Act Amendments, extended the implementation dates in a two-s 
cess to 1981; the standards put in place at that time will remain o] 
until the 1990 Clean Air Act Amendments are implemented in tl 
1990s, The present standards, given in grams (g) per mile, are ( 
hydrocarbons, 3.4 for carbon monoxide, and 1.0 for NO^, based on 
fleet certification procedures. 

Consistent with a philosophy of forcing technology through perfc 
standards, California adopted a program in 1990 that requires the c 
ment of transitional low emission vehicles (TLEVs), LEVs, ultra-LI 
Z(ero)EVs over the next seven years (CARD, 1990). The specific 
sion limits for nonmethane organic gases (a subset of hydrocarbc 
0.125 g/mile for TLEVs (1994), 0.075 g/mile for LEVs (1997), 0.0^ 
for ULEVs (1997), and 0 g/mile for ZEVs (1998). The perform^ 
quirements of this program surpass that of 0.25 g/mile specified in t 
federal amendments adopted later in the year. 

To date, vehicle manufacturers have demonstrated that some 
late models will meet the TLEV standards, and a few TLEVs ha 
certified. To meet LEV requirements, manufacturers are considering 
ent technologies, such as electrically heated catalysts to reduce c( 
emissions (which are currently the largest source of emissions in the 
test procedure [FTP]), closed coupled catalysts, enhanced catalyst 
mance, and improved fuel injection. However, the combination 
nologies that will be used for the LEVs and ULEVs has not bee 
mined. Furthermore, the actual deterioration rates associated wi 
new technologies are unknown. Reliable estimates of the extent t 
this program will satisfy stipulated targets (emissions limits) and coi 
(schedule and costs) cannot be provided now. 


Vehicle Inspection and Maintenance Programs 

Congress recognized in 1977 that some ozone nonattainment are 
not achieve the standard by the December 1982 deadline, even th 
requirements and emission reductions specified in Title I, Part D, 
with planning and stationary source permits, had been implemented 
provided for an extension of the attainment date to December 198'y 
addition, it required in Section 172(b)(ll) that the states “establis 
cific schedule for implementation of a vehicle inspection and mail 
program.” 

Inspection and maintenance (I/M) programs today vary from 
state, but their purpose is to reduce in-use vehicle emissions throug 
fication and repair of vehicles with high levels of emissions. They i 
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consist of an annual or biennial inspection and measurement of tailpipe 
emissions at two different engine speeds with no load on the engine. If a 
vehicle fails the test, it must be repaired and retested before it can be 
registered. The EPA established specific guidelines for the program and 
provided estimates of emission reductions that could be taken as part of the 
SIP reasonable further progress (RFP) requirements. These estimates were 
calculated using the EPA mobile source emissions factor program, MOBILE 
(or the California equivalent, EMFAC). States that implemented I/M were 
allowed to take credit in their SIPs for a 25 percent reduction of tailpipe 
emissions from mobile sources. 

The EPA-mandated I/M program was based on two operating programs 
that had been conducted by the city of Portland, Oregon, and the state of 
New Jersey during the mid-to-late 1970s. By the mid-1980s, numerous 
states had adopted some form of the I/M program and had begun taking 
credit for the reductions. Unfortunately, as pointed out by McConnell and 
Harrington (1992) in their recent study of the cost-effectiveness of enhanced 
I/M, the program is not achieving its goal. 

Simply having a program in place was sufficient for getting the credit for 
the 25% reduction toward the state’s SIP. There were few requirements 
for enforcement, including no specific checks for tampering. Nor was 
there any requirement to link I/M credits to enforcement or to actual in-use 
vehicle emissions (McConnell and Harrington, 1992, p. 5). 

Part of the problem lies in the difference between the EPA’s design for 
the program and its practical implementation. The EPA developed the I/M 
in a laboratory setting. The pass/fail thresholds were chosen on the basis of 
iterative analyses such that vehicles that passed the laboratory tests should 
not fail FTP certification. The EPA engineers identified the causes of fail- 
ure in the test vehicles, made repairs, and retested the vehicles, including 
operating them over the FTP cycle. Thus, the EPA developed an idealized 
laboratory I/M program that produced the expected benefits. However, when 
this program was implemented nationwide, vehicles did not undergo evalua- 
tions as intensive as those performed by the EPA. Both this “transference 
problem” and a failure of the programs to discourage tampering apparently 
account for the shortfall in emissions reductions. 

The present two-pronged automotive emissions reduction program — (1) 
catalytic conversion of emissions, coupled with precise electronic control of 
the air-fuel mixture, and (2) post-1982 implementation of I/M — was opera- 
tive by the mid-1980s. In principle, each part complements the other. The 
certification standards cover fleet emissions reductions, and the I/M pro- 
gram is intended to capture those vehicles whose emissions performance 
has degraded through age, neglect in maintenance, or tampering with the 
control system. 
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During the past few years, the CARB and the EPA have carried lut a 
number of studies that have analyzed the effectiveness of California’s mog 
Check Program and examined automobile emissions under actual ope iting 
conditions. Among the states, California has taken the lead in assess lent; 
we thus focus on conclusions drawn from CARB -sponsored studies. 

Initial and subsequent legislation for the California I/M progra i re- 
quired evaluations of the effectiveness of the program. These evalu ions 
were carried out by CARB through covert vehicle emissions testing pro- 
grams in which vehicles identified as high emitters were taken to I/]V test- 
ing stations to determine if they passed or failed. The vehicles wen then 
inspected by the CARB’s automotive testing lab to ascertain if repairs lade 
by the stations were appropriate. In 1986, 800 vehicles were evaluat 1, in 
1989, 1,100 vehicles. The results of the more recent evaluation pr( :ram 
have established that, taking into account deterioration effects and t] ^ re- 
sidual benefits of previous inspection cycles, the Smog Check Prograi has 
reduced hydrocarbon emissions 19,6 percent and carbon dioxide emii ions 
15.3 percent (California I/M Review Committee, 1992). These redui ions 
are less than anticipated for the I/M program and less than those requii d by 
state law. 

While the I/M evaluation studies provided information on the ; :tual 
effectiveness of the program, other studies analyzed measurements lade 
under actual operating conditions. In one study (Pierson et al., ] 90), 
follow-up analyses compared measurements made in the previously :ited 
Van Nuys tunnel study with vehicle emissions data. It found that the aea- 
surements 

gave higher CO and HC emission-rates values than expected on the bas 
of [estimates of an] automotive-emissions model by factors of approx 
mately 3 and 4, respectively (Pierson et al., 1990, p. 1485). 

Pierson et al. offered the following observations in their recomm ada- 
tions: 

Accordingly, it becomes important to verify that this [large discrepancy] 
so and to understand why-whether air/fuel ratios are richer in on-ro£ 
operations than has been thought, whether evaporative emissions have bee 
incompletely accounted for, whether tampering and/or maintenance is worj 
than assumed, and so forth (p. 1495). 

On the basis of the analyses of the Smog Check Program, the C ^RB 
has concluded that the present I/M program estimates of actual ta pipe 
reductions are too high, and that evaporative emissions are not being iken 
into account. Calculations made using the revised CARB mobile s urce 
emissions estimation model, EMFAC-7EP, suggest that emissions i duc- 
tions of 18 percent for CO and hydrocarbons will provide appropriate red- 
its for the present I/M program. 



TROPOSPHERIC OZONE 


73 


The 1990 Clean Air Act Amendments required that states enact an en- 
hanced I/M program for areas which are classified as serious or worse under 
the ozone nonattainment designation requirements. The program is to also 
include 

a performance standard achievable by a program combining emission test- 
ing, including on-road emission testing, with inspection to detect tamper- 
ing with emission control devices and misfueling. 

In July 1992, the EPA proposed an enhanced I/M program {FR^ Vol. 57, 
July 13, 1992) that will require a dynamometer test, with the vehicle com- 
pleting the first 240 seconds of the hot start FTP cycle under varying engine 
loads. The program will also be capable of testing for NO^ as well as 
hydrocarbons and CO. The proposed rule was finalized in November 1992. 
One very important part of this new program, which is missing from the 
present I/M program, is the ability to detect failure of the evaporative emis- 
sions control system. Evaporative emissions have been identified by both 
EPA and CARB as a significant portion of the overall mobile source emis- 
sions inventory, but these emissions were properly taken into account only 
in the most recent versions of EPA’s MOBILE emissions model. The EPA 
estimates that the enhanced I/M program will provide significantly greater 
emission reductions (28 percent for hydrocarbons, 30 percent for CO, and 9 
percent for NO^) than the present program. 

California has taken the lead among the states in examining vehicle 
emissions. As noted above, California legislation established the I/M Re- 
view Committee. Part of the legislation required this committee to include 
recommendations in its 1992 report to the legislature on “the most effective 
means of reducing tampering and emissions control equipment failures which 
result in high-emitting vehicles.” 

This legislative mandate was motivated by several recent CARB studies 
that concluded that approximately 10 to 20 percent of vehicles produce 
between 40 and 50 percent of total vehicular emissions. The California I/M 
Review Committee report has identified several different options that may 
be available in the near future to identify these high-emitting vehicles so 
that they may be repaired. Each of these options requires some technologi- 
cal development and costs and effectiveness will need to be analyzed before 
any one is considered for implementation. The potential options are: (1) 
use of remote sensing to detect high tailpipe emissions, followed by testing 
of the vehicle, (2) random roadside surveys in which a small percentage of 
vehicles would be tested, and (3) on-board diagnostic systems that could 
detect tampering through a radio transponder implanted in the system. 

In summary, both the 1977 mandated emissions control technology and 
the I/M program have provided for significant reductions in vehicular emis- 
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sions. The 1990 Clean Air Act Amendments will continue to mar ate 
improvements in each program as a means to further decrease autom< ive 
emissions. 

Motor Vehicles: Reducing Use 

• To what extent should measures that directly or indirectly limil /e- 
hicle use be considered in formulating regulations for reducing ami mt 
ozone concentrations? 

During the past two decades, the public’s consciousness of the adv rse 
impacts of urban growth has increased in proportion to the diminutio in 
quality of life, on a day-to-day basis, that the public confronts. Road ( in- 
struction has promoted suburban sprawl. Increased suburban populat ns 
have resulted in longer commutes, increased roadway congestion, and 'e- 
duced average speeds on highways. Air quality is adversely affecte( as 
well. While these issues go far beyond air quality concerns, some measi es 
which address these issues, such as transportation control measures (TCI s), 
have been justified on air quality considerations alone. 

As we have pointed out, present federal environmental laws ten( to 
focus on specific issues, e.g., reducing the impacts of a particular pollu nt 
by reducing emissions from a category of sources. The framework wi in 
which congressional decisions are made is often similarly constrained. ]V re 
integrated or comprehensive approaches to planning and regulation h 
occurred only infrequently. An increasing awareness of the limitation! of 
depending on an “issues-oriented” strategy alone to meet objectives has 5 d 
to the advancement of more encompassing recommendations. These n- 
clude proposals for restricting land use at the local and regional levels- in 
effect, promoting limits on growth and development. 

Proposals focusing on mitigating the adverse effects of air quality as o- 
ciated with land use include measures for reducing automobile use, eil er 
directly through TCMs or indirectly through the review and approval of r w 
construction projects, taking into account anticipated increases in veh le 
mileage traveled (VMT) that a given project is expected to induce. k- 
amples of TCMs include increased bridge, tunnel, and highway tolls; m i- 
dated increases in vehicle occupancy; “no drive” days; restrictions on di /- 
ing and parking in center city; and air quality permits for construction )f 
parking lots. Types of “new construction” projects include industrial fac i- 
ties, shopping centers, and residential developments. The permit proc ss 
that results in approval or disapproval of a construction project and defi js 
mitigation measures to decrease the anticipated VMT associated with le 
project is termed indirect source review (ISR). 

As discussed, in 1971, the EPA published regulations governing pre 
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ration of the first state implementation plans for oxidants {FR, Vol. 36, 
November 25, 1971). Reducing automobile tailpipe emissions and control- 
ling new stationary sources were the principal means for attaining the stan- 
dard. However, the EPA encouraged states to develop TCMs and consider 
permits for indirect sources. Among the TCMs that the EPA suggested 
were the following: 

measures to reduce vehicle traffic, including but not limited to, measures 
such as commuter taxes, gasoline rationing, parking restrictions, staggered 
work hours . . . [and] expansion or promotion of the use of mass transit 
facilities through measures such as increases in the frequency, convenience, 
and passenger carrying capacity of mass transportation systems or provid- 
ing for special bus lanes on major streets and highways {FR 36, 22398, 
November 25, 1971). 

The EPA did not specify the approaches to be taken in controlling 
emissions resulting from indirect sources, but it did not rule out land use 
measures. 

Later in the year, the agency enacted a national program for indirect 
source review and a Transportation Control Plan {FR, 36, November 25, 
1971). The Transportation Control Plan contained the TCMs suggested in 
the 1971 SIP regulation. The ISR program had the intent of approving or 
denying a permit for the proposed indirect source on the basis of its air 
quality impacts. This program gave rise to numerous lawsuits throughout 
the United States. Although individual legal challenges had different re- 
sults, the overall outcome established that the EPA lacked the legal author- 
ity to compel the states to adopt these measures (personal communication 
with M.R. Barr, 1992). The EPA withdrew the ISR program in 1975 as a 
result of congressional action {FR, 40, 129, July 3, 1975). 

In 1974 Congress made minor amendments to the Clean Air Act in the 
Energy Supply and Environmental Coordination Act. This act specifically 
prohibited the EPA from promulgating or requiring the states to promulgate 
an indirect source review program and left the program to the discretion of 
the states. Further, Congress redefined TCMs in light of the earlier prob- 
lems associated with the EPA’s Transportation Control Plan by removing the 
authority to require implementation and leaving adoption and implementa- 
tion to the discretion of the state. Examples of TCMs specifically cited in 
Section 108(f)(1)(A) of the 1977 amendments are the following: 

programs to improve public transit, programs to establish exclusive bus 
and car pool lanes and area wide car pool programs, programs for long 
range transit improvements involving new transportation policies and trans- 
portation facilities or major changes in existing facilities. 

As a result, although all pre-1992 SIPs retained TCMs, they tended not 
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to take credit for the estimated emissions reductions that were to erive 
from implementing the measures, in part because of the voluntary na ire of 
the program and in part because of the difficulty in estimating the M ly air 
quality improvements. Even though attempts to decrease VMT throi h the 
use of TCMs were unsuccessful, the question remains as to whethei emis- 
sions reductions related to TCM and land use are significant. 

In recent years, Congress has attempted to enact more stringent 1 ^isla- 
tion involving TCMs. The TCM-related provisions of the 1990 amen< nents 
aim to reduce emissions by requiring that ozone nonattainment areas lassi- 
fied as severe and extreme develop plans to offset growth in emissio s due 
to VMT. As interpreted by the EPA, changes in the fleet compositii i and 
other measures that reduce tailpipe emissions can be credited toward nain- 
taining total vehicle emissions at a constant level. The plans, which \ jre to 
be submitted as part of the November 1992 SIP revisions, were to e ipha- 
size transportation control measures that are identified in Section 10 
of the amended act. These measures include such programs as im] oved 
public transit, high occupancy vehicle lanes, trip reduction ordinanc s, re- 
striction of vehicles in downtown areas during peak hours, and emj oyer- 
based transportation management plans. Many of these programs i quire 
enabling legislation at local, regional, and state levels. In additic , the 
1992 SIP revisions must contain compliance plans for each employer f 100 
or more persons to increase average passenger occupancy of vehic ss in 
which employees commute between home and work by 125 perci it by 
November 1996. 

Few states have tried to quantify emissions reductions that will esult 
from implementation of the 1990 amendments. However, the 1988 C lifor- 
nia Clean Air Act contains requirements for reducing VMT similar tc :hose 
of the 1990 amendments. As part of the 1991 Clean Air Plan, the Ba; Area 
Air Quality Management District (BAAQMD) has estimated the bene its of 
these reductions. They are small, amounting to 10 tons/day (t/d) of ] ^dro- 
carbons (2 percent of the projected baseline 1997 emissions inventor ) and 
16 t/d of NO^ (2.8 percent of the projected inventory). The district h< also 
adopted additional TCMs, including some measures proposed by the 1 in 
1971. These include smog fees, congestion pricing, work parking c arges 
(i.e., institution of the practice in which employers must charge emp )yees 
for parking privileges at their work place), and gas tax increases; xr st of 
these will require additional legislative authority before they can be nple- 
mented. Even these measures, combined with the previous reductio] i, are 
estimated to result in only a 41 t/d decrease in hydrocarbons and a 7 t/d 
decrease in NO^. The BAAQMD has ranked all of the measures ado| ed in 
the 1991 Clean Air Plan in terms of cost-effectiveness. Except for a ingle 
measure to expand employer assistance programs (ride sharing), all rans- 
portation control measures have gross costs of between $25,000 a d $1 
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million per ton of emissions reduced- These costs are much higher than the 
majority of those for stationary and area source measures cited in the plan 
(BAAQMD, 1991). 

The BAAQMD cost estimates raise important questions as to whether 
TCMs are cost-effective measures for improving air quality. Independent 
estimates from other districts and states are needed before one can draw 
general conclusions about the cost-effectiveness of TCMs. That informa- 
tion should be forthcoming at the time of the 1994 SIP submissions. Never- 
theless, state and local governments may elect to adopt indirect source mea- 
sures and TCMs, including those TCMs considered in the past (which, in 
some cases, have proven to be controversial). Where such actions are con- 
sidered, it will certainly be appropriate to assess their air quality benefits 
through quantitative analysis. 

In summary, policies that support indirect source review and TCMs are 
more likely to be justified through their contribution to alleviating the local 
and regional societal concerns that were noted in the beginning of this 
section rather than through their air quality benefits alone. 


Other Topics 

This section summarizes topics of interest that could not be included in 
the more detailed preceding review. 


Assessment of Progress Toward Attainment of the Standard 

The ozone monitoring network in the United States provides an ad- 
equate, although not fully satisfactory, sampling of ozone concentrations in 
and immediately downwind of urban areas. Rural monitoring is more sparse, 
and the network would certainly benefit from bolstering. However, VOC 
and NOj^, the precursors to ozone, are not measured, or are measured spar- 
ingly, in most urban areas. This paucity of information severely limits the 
ability to evaluate the effectiveness of emissions control programs. 

Two reasons appear to account for this deficiency in monitoring. First, 
the technology available for measuring VOCs and NO^ was, until recently, 
not accurate enough. Moreover, acquisition and accurate analysis of VOC 
samples are costly; typically, costs are $300 to $500 per sample. (The 
development of inexpensive, continuous monitors for VOCs is still needed.) 
Second, the regulatory community appears to have done one of two things: 
(1) It has accepted the notion that the costs saved by not monitoring precur- 
sors outweigh the benefits of the additional information, which would be 
useful in establishing trends, assessing the effectiveness of control pro- 
grams, and verifying the accuracy of emissions models and inventories. (2) 
Or, it has overlooked, or been unaware of, the importance of having such 
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information. In this case, added information would have promoted the se 
of science to support the regulatory process. Unfortunately, those scieni its 
who were sensitive to the need for such information for many years v re 
clearly unable to convince federal and state agencies of the importanc< of 
conducting the needed monitoring. 


Retrospective Analyses of State Implementation Plans 

Historically, few, if any, SIPs have provided accurate estimates of i- 
provements in air quality related to ozone levels. Virtually all estimates )f 
future air quality have proven to be overly optimistic; actual peak oz< le 
concentrations in retrospect have been higher than those projected. T le 
API, m a 1988 analysis of ozone SIPs, found that 1982 SIPs suffered si 
eral generic deficiencies that caused this problem, including underestiu i- 
tion of base year emissions inventories and the resultant underestimation .f 
future year inventories, failure to apply the EKMA model only in conditic s 
m whmh its assumptions are met, overestimation of effectiveness factors : r 
emissions reduction measures, and inadequate representation of long ran e 
transport of pollutants into a region (API, 1989). The overestimates f 
effectiveness were the result of delays in developing rules, inaccurate es - 
mation of actual “technical” effectiveness, and lack of compensation 1 r 
shortfalls in emissions reductions (API, 1989). 

While SIPs have historically displayed common patterns of inaccurac 
methods of detection and correction have been inadequate or lacking. Cri - 
cal elements include monitoring designed to detect and quantify progre i 
toward attainment comparison of progress with SIP projections, identific ■ 
tion of shortfalls in air quality improvement, determination of the causes ^ 
shortfalls, specification of corrective steps in control, revision of the SIPs i 
reflect the needed changes, and implementation of the controls “Scienc( ’ 
has recognized this need; regulation has not. 


Introduction of "Cleaner” Fuels 

Title II of the CAAAs of 1990 requires the eventual sale of only refo 
mulated gasoline in the nine urban areas having the highest peak ozou 
concentrations, institutes two clean-fueled vehicle programs, including 
pilot program in California, and mandates maximum fuel volatility Whil 
volatility reductions have led to reduced VOC emissions, the impact c 
introducing cleaner” fuels is less clear. Today, many argue that the legisla 
tion requiring the introduction of clean fuels preceded proper developmer 
of the supporting science. Some believe that the long-term benefits ar 
questionable Whatever the eventual findings, “clean fuels” is a major issu 
today, one that certainly merits attention and scrutiny. We did not addres 
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the topic in this paper because of its relative novelty and thus lack of 
history, the extreme sensitivity of the issue, and the extensive coverage that 
the topic would necessarily have to receive. However, the clean fuel and 
reactivity issues are of at least the same interest and timeliness as most of 
the topics addressed earlier. 

THE INTERPLAY OF REGULATION AND 
SCIENCE AND TECHNOLOGY DEVELOPMENT 

Scientific and technological advances and legislative and regulatory 
history are intimately intertwined in our earlier discussion. We now exam- 
ine the interplay among them and develop some general observations about 
the influence of each on the other. Figure 3 provides a timeline of key 
events. 


The Response of the Regulatory System 
to New Scientific Understanding 

A general observation emerging from this inquiry is that the regulatory 
system has often responded to new scientific understanding of tropospheric 
ozone either with inertia or only after considerable delay. At times, there 
have been good reasons for the lag time. Steps in the process can be 
characterized as follows: 

• Advances in knowledge develop gradually over time. 

• As knowledge accumulates, existing views or positions become sub- 
ject to challenge, the vigor of which increases in proportion to the growing 
evidence. 

• Uncertainties persist, making it difficult to characterize adequately 
weaknesses or flaws in current and, sometimes, prior positions. 

• Interests on each side of an emerging or persistent issue tend to 
represent their positions in committees or public forums by emphasizing the 
pros and minimizing the cons, which often results in polarization. 

• Because of the inability to establish an incontrovertible position, 
debate continues for some time, leading to delay. 

• Eventually, the new position or view holds sway, and change is in- 
troduced. 

Although the time period associated with this process is variable, it 
seems to range from 5 to 15 years. 

Earlier we discussed issues that exemplify this pattern: 

• Revisiting specification of the ambient standard for ozone. The Clean 
Air Act provides for review of the ozone standard at five-year intervals. 
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Policy and Regulation 


• Development of Appendix J curve 
' Emphasis on VOC control 
' Formulation of chemical mechanisms 
- Recognition of NO^ inhibition 


- 2-way catalytic converter 

- EKMA modeling and diagram 


1970 


1975 


' - Clean Air Act Amendments of 1970 

- Oxidant standard (0.08 ppm) 

- Transportation control measure plan (TCM) req 

- Indirect source control plan (ISC) regulation 

- SIPs regulation 

- Federal ISC authority transferred to states 

- Federal TCM (discretionary) 


ition 


- Recognition of regional transport 


■ Clean Air Act Amendments of 1977 

- Ozone standard revised to 0.12 ppm 

- SIP, NSR regulations revised 


- Establishment of first state vehicle Inspection 
and maintenance (I/M) programs 
-Application of urban airshed modeling ((JAM) 


- 3-way catalytic converter 

- Vehicle I/M programs for post-1992 required for 
nonattainment areas 


1980 


- Vehicle emission standard 

- Vehicle I/M guidance 


- Initiation of major monitoring/modeling 
programs in California 

- Recognition of potential benefits of NO^ 
controls in areas of high biogenic emissions 
and in rural areas 


1985 


Post-1987 attainment guidance proposed for SIPs 
including NO^ reductions if necessary and use of L h 


OTA issues report on steps for reducinq urban 
ozone 


■ Initiation of major monitoring/modeling programs 
nationwide 

Advent of regional ozone modeling 


1990 


- Underestimates of vehicle VOC emissions 
recognized 

- NRC issues report on tropospheric ozone 
formation and measurement 


^ Clean Air Act Amendments of 1990 

- UAM regulatory guidelines for SIPs 

- Regional transport determination guidance 
■ Stationary source NO^ guidance 


FIGURE 3 Timeline of significant 
tory events for ozone control. 


scientific and technical, legislative, and regula- 
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The EPA announced in August 1992 that it will not alter the ozone standard 
at this time, stating that it did not have enough time to compile information 
describing relevant study efforts and complete its formal review. This an- 
nouncement came seven years after the 1985 statutory deadline for review. 

Although the CASAC had been divided on the need for imposing a 
more stringent standard when it last met in 1988, Morton Lippmann, who 
chairs the EPA Advisory Committee on Indoor Air Quality and Total Human 
Exposure, stated that “new published data since 1988 was available and 
could have been reviewed in time. They (EPA) recognized if they incorpo- 
rated the current data, they would no longer be capable of defending the 
current standard.” Bernard Goldstein, director of the Environmental and 
Health Services Institute at Rutgers University, added that “the additional 
data that has come out would certainly lean toward making things more 
stringent” (Weisskopf, 1992). Apparently, both Dr. Goldstein and Dr. Lippmann 
believe that health-related evidence supports a more stringent standard. In 
response, Robert Brenner, head of the EPA’s Air Policy Office, said that 
“our focus has been getting controls in place. Putting in new standards 
doesn’t mean you improve the air. It’s the regulations we’re issuing under 
the Clean Air Act that will improve air quality.” 

• Emphasizing reduction in emissions of both precursors to ozone. The 
EPA’s long-standing policy favoring VOC control and deemphasizing or 
disregarding control, though challenged at various times, remained 
essentially unaltered from the early 1970s to the late 1980s. Uncertainty 
clearly prevailed during this period, but even as evidence mounted suggest- 
ing the benefits of control in at least some areas of the United States, 
the agency was essentially unresponsive until very recently. 

• Recognizing the relationships of ozone precursors to pollutants other 
than ozone. Even though a number of studies — from large-scale field pro- 
grams to detailed modeling efforts — have demonstrated the interactions among 
air pollutants, the perceived complexity of undertaking comprehensive analyses 
contributed to inadequate attention being given to the issue. Also, issues 
can usually be addressed and managed more easily when they are compart- 
mentalized than when they are integrated. The EPA’s apparent avoidance of 
forging integrated pollutant programs may thus derive from practical, albeit 
untested, concerns. 

• Specifying the spatial scale for planning emissions reductions. Long- 
range transport of precursors and secondary pollutants has been recognized 
clearly for many years. The primary reason for delay in undertaking assess- 
ments and planning at the appropriate spatial scales appears to have been 
political; planning is carried out by designated agencies whose authority is 
constrained in geographical extent. A significant will is required to effect 
change; jurisdictions are often unwilling to relinquish authority even if the 
cause is well intended. 
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• Conducting ambient monitoring of precursors to assess an. 
nose problems. Monitoring of ozone concentrations has been suppo 
regulatory agencies for many years. However, much less attention h 
given to the routine measurement of NO^ and VOC concentration; 
paucity of these data has limited the scientific and regulatory commi 
ability to determine the effectiveness of emissions reduction prograi 
accuracy of emissions representations, and the geographical extent i 
limitation. 

• Conducting large-scale integrated modeling and monitoring pro 
While it was well known that it was necessary to acquire comprel 
aerometric data bases to properly support urban-scale and regional 
ing, serious commitments of funds to this pursuit were made only 
mid-1980s and subsequently. Before that time, only limited data 
often compiled using routine monitoring data, were available for 
inputs to air quality models and in evaluating model performance, 
the accuracy and precision of modeling estimates were limited by th 
city of data and not by the formulation of the model. This limitatic 
sists today, as the programs launched five to eight years ago are onl 
reaching fruition; evaluations of model performance using the data 
acquired are just now being conducted. Even today, virtually no re^ 
scale data bases exist. 

• Characterizing and quantifying the role of natural emissions in 
formation. As was discussed earlier, for much of the 1980s EPA’s att 
was diverted from the study of biogenic emissions in the belief tha 
were not a significant contributor to ozone formation. Although this 
was disputed by some members of the scientific community, progress 
field was effectively limited by the paucity of funding for research 
velop methods for sampling and analyzing naturally emitted and 1 
reactive VOCs, determine the rates of emissions from biota, and es 
total biomass for different species. 

In some cases, the delay in acting on new information has been ati 
able to Congress; 13 years elapsed between 1977 and 1990, the y; 
which the most recent amendments were enacted. Congressional disci 
and debate seemed interminable to many. The need to resolve failu 
meet attainment deadlines and to empower the EPA to reestablish th 
process apparently provided the inducement for resolving the deadlock 
be sure, the implications of acting on several of the key issues were 
significant — costs of the programs; impacts on various cohorts of the 
lation, including jobs; uncertain consequences of introducing new prog 
such as emissions trading; and the inevitable dilemma of resolving c 
ences among competing interests. Nevertheless, the process of ent 
legislation seems unnecessarily inefficient and prone to favor political 
scientific considerations. 
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In other cases, the EPA has appeared slow to respond to the develop- 
ment of new information. As discussed, the VOC versus debate has 
been going on for well over a decade. However, evidence began to build in 
1985 that some regions of the country were very likely “NO^-limited.” Guidance 
emerging from the agency in the late 1980s represented a gradual shift in 
policy, suggesting that control might be warranted in some circum- 
stances. However, in post-1987 SIP analyses, the need for control had 
to be demonstrated prior to its acceptance as part of a control strategy. In 
effect, NO^ was “innocent until proven guilty.” This position clearly changed 
with the 1990 amendments; NO^ control is required in areas classified as 
serious, severe, or extreme unless it can be demonstrated that reduc- 
tions do not result in ambient ozone benefits. Now, is presumed “guilty 
until proven innocent.” This transition in position took about five years to 
effect. More recently, in December 1991, the NRC Committee on Tropo- 
spheric Ozone Formation and Measurement stated that “NO^ control is nec- 
essary for effective reduction of ozone in many areas of the United States” 
(NRC, 1991, p. 11). As a result, the EPA and other agencies are giving 
intensive attention to evaluating the merits of NO^^ emissions reductions. 

Similar “case histories” can be outlined for the need to (1) assess the 
influences of ozone precursors on other regulated pollutants, rather than 
consider the ozone-NOj^-VOC system in isolation, and (2) examine emis- 
sions control requirements on a sufficiently broad spatial scale to include all 
significant source and receptor areas. In both instances, recognition devel- 
oped in the late 1970s to early 1980s and evidence of the need increased in 
the years following. Still, in the former case, no guidance for comprehen- 
sive “interactive” assessment is forthcoming. In the latter case, regional 
studies are now being undertaken in some areas — southern Lake Michigan, 
central California, and the Southeast. However, a number of geographical 
areas for which implementation plans are to be prepared are still circum- 
scribed by geopolitical boundaries that do not encompass critical source 
areas. Consequently, the impacts of and responses to longer range transport 
of pollutants cannot be effectively addressed in these areas. Note that the 
EPA has yet to provide guidance on methods for developing control strate- 
gies in regions where transport is an issue. Such guidance should address 
the matter of uniform versus nonuniform strategies, that is, applying the 
same control strategy throughout the region or varying strategies from one 
major source area to another within the region. 

Finally, some of the apparent delay in response derives from a discom- 
fort with acting, or an unwillingness to act, in light of uncertainty. “Exces- 
sive uncertainty,” in turn, may be a consequence of governmental research 
programs not being sufficiently long term and consistently focused to pro- 
vide the information needed to reduce uncertainties to acceptable levels. If 
true, this supposition suggests the need for a critical assessment of proce- 
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dures for identifying research needs, establishing priorities, committing to 
the long term, and providing sufficient funding to ensure success. 

Incentives and Disincentives in the Regulatory System 

The primary incentive to seek new information overlaps with the i- 
mary disincentive. On the one hand, true knowledge provides the c ly 
meaningful basis for actions that circumstances appear to demand. On le 
other hand, most relevant research requires money and time, often in le 
range of 5 to 10 years or more. Where circumstances require action, s :h 
as smog conditions in the South Coast Air Basin, the waiting time or 
research results exceeds the time practically available for taking the action ;)• 
Resolution of this dilemma is exceedingly difficult. One option is to des in 
actions that can be carried out in sequence, instituting more stringent c n- 
trols with time, as needs warrant. The results of research can then influe :e 
the “action sequence” as they become available. In any event, inadequah or 
sporadic funding, disrupting or weakening an otherwise attractive resea :h 
program, can prove to be a significant disincentive to pursue the acti’' ty 
and thus to seek new information. 

Acceptance of New Information by the Regulatory Community 

Factors contributing to acceptance or lack of acceptance of new in; r- 
mation are complex — part institutional, part psychological, part relatec to 
risk averseness, part to commitment to current paradigms. The notior of 
“acceptance or lack of acceptance” is an oversimplification; often, acc p- 
tance constitutes a slow process of learning and becoming comfortable- in 
effect, a protracted transition. We can only speculate on the factors that re 
most influential in determining an individual’s inclination to use new in; r- 
mation. Factors that contribute to resisting the acceptance of new infon a- 
tion include those listed below: 

• Doubt as to its reliability or correctness. 

• Extent to which it conflicts with one’s current view of the matter oi 
the difficulty involved in permitting or accepting the overturning of a c r- 
rent conception or framework for action). 

• The perception of intent to delay the taking of an action. 

• Averseness to risk, that is, it is often easier to maintain “status q 3 ” 
than to accept or effect change. 

• The need to alter or expand jurisdictional responsibility for regi a- 
tion (such as expanding a jurisdiction from intrastate, to interstate). 

• Inadequacy in communication. 

• Inability to characterize uncertainty. 
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In situations in which more than one of these factors comes in to play, 
such as (1) revisiting the ambient standard, (2) determining if NO^ control 
is an appropriate strategy, (3) addressing interpollutant issues, and (4) ad- 
dressing transport considerations, acceptance of a “new position” may be 
difficult to effect. One might argue that information sufficient to resolve 
key technical uncertainties seldom becomes available within the time frame 
in which policymakers feel compelled to act. While knowledge may be 
incomplete, the latest available scientific information provides the basis for 
moving forward, weighing options, and promoting change. However, an 
adequate knowledge base” — that required to support truly informed deci- 
sion making— is the pot at the end of the rainbow: while we may try, we 
never seem to get there. 

The job of the decision maker is to evaluate contrasting risks: (1) taking 
action based on “insufficient data” and risking society’s incurrence of un- 
necessary costs if expectations of benefit are misplaced or unduly optimis- 
tic, and (2) delaying action and thus exposing society to greater ambient 
concentrations of air pollutants than if controls were imposed. One path to 
easing the policymakers’ burden is to develop estimates or at least clear 
qualitative statements of the risk associated with each option for action or 
inaction, and communicate this information clearly to decision makers for 
their consideration. We advocate that suitable procedures for assessment 
and communication of risk be developed (where they are not now avail- 
able), prescribed, and applied as soon as practicable. 

Governmental Perspectives, Incentives, and Disincentives 

Regulatory structures at different levels of government may respond 
differently to a perceived issue or need. It is not possible to characterize the 
differences accurately or comprehensively because various governmental 
structures exist in the United States. However, some general observations 
can be made. 

• Lower levels of government may find it easier to rely on higher 
levels of government to develop regulations. Often, issues are controver- 
sial. Where the “heat is high,” it is expedient to point to a requirement 
placed on a community by “a higher authority” than to enact rulemaking 
within the community itself. 

• Most states follow the federal lead. Some act reasonably promptly; 
others appear to move slowly and reluctantly. In a few instances, a state 
will assume a lead role or perhaps chart a somewhat independent course. 
California is notable in this regard. 

The relationship of local or regional development of regulations to state 
development of regulations bears a resemblance to that of state regulation 
and federal regulation. Local agencies generally act in response to direc- 
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lives issued at a higher level — sometimes promptly, sometimes slowly. In 
some instances, a local or regional agency will assume a lead role, part: u- 
larly in planning or rulemaking. Notable here and familiar to us are le 
actions of the South Coast and Bay Area Air Quality Management Distri :s. 

• Local perception that a problem is severe and thus in need of atl a- 
tion and a significant level of local support for taking action appear to )e 
requisites for a local or regional agency to assume a leadership role in 
rulemaking or regulation. 

• Where California has assumed a leadership role, it seems to h; 'e 
encountered fewer barriers to action, acceptance, and implementation tl n 
has the federal government. One result is that the period from concept n 
to implementation is much shorter. The reasons for the differences betw( n 
federal and state processes are not entirely clear. 

However, Matthew Wald (1992) recently commented on the subject n 
the New York Times. He noted that the California Air Resources Board “1 s 
pretty much had its own way and has been what the E.P.A. would probal y 
like to be: tough, well funded and backed by a strong political consensus : r 
cleaner air. ... It regularly exercises a level of authority that Federal rej - 
lators have largely been without since the beginning of the Reagan year ” 
Note that the CARB has final authority in California; ERA positions j s 
subject to review by the Office of Management and Budget (0MB) ai 
recently, by the White House Council on Competitiveness. 


Role of Technology in Shaping Actions 
of the Regulatory System 

As indicated by the history of regulation of tropospheric ozone in t ; 
United States, regulations generally prompted the development of the tec ■ 
nologies required for compliance. The classic example is that of the cat - 
lytic converter for the automobile, which is generally viewed as a succe : 
story. Of course, the fundamental science may already have been developi I 
or many or most components of the technologies may already have be( t 
available. Regulation focused attention on a particular need and broug ■ 
together the components required for developing the desired process ^ ■ 
product or capability. (Although regulation promoted the development i ^ 
suitable control technology, it did not specify a technological approac: 
rather, it prescribed a performance requirement.) 

Sometimes science or technology precedes regulation. Grid-based ph( 
tochemical models were developed during the 1970s; the ERA supporte 
this work to advance understanding and obtain useful simulation capabil 
ties. Later, when the models were judged to be sufficiently advanced, wei 
more widely accepted by the regulatory community, and were viewed i 
useful, requirements for their application were included in regulation — sp< 
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cifically, in the 1990 amendments to the Clean Air Act. (However, signifi- 
cant issues associated with use of the model, which derive from uncertain- 
ties in formulation of the model and deficiencies in supporting data bases, 
remain to be resolved.) In this case, science led, and regulation followed. 
In some instances, notably in determining the health effects and threshold 
concentrations of pollutants, the regulators have sought assistance and ad- 
vice, have promoted the need for further scientific advances, and have prod- 
ded the scientific community to take positions on issues exhibiting signifi- 
cant uncertainties. In such circumstances, the interaction between regulation 
and science is complex: the roles of scientist and regulator as leader and 
respondent are not always clear. 

A PROPOSAL FOR CONSIDERATION 

Several parts of the preceding discussion illustrate difficulties in carry- 
ing out longer-term scientific research within a regulatory agency. Science 
requires time and continuing financial support. Regulatory needs are often 
shorter term; they frequently demand redirection of effort and reprogram- 
ming of funds. Perhaps it would be wise to separate the longer-term pursuit 
of science from the regulatory structure. 

One means for accomplishing this is to create a national environmental 
research center, funded by Congress. Major research initiatives would be 
undertaken at the center. Moreover, agencies would be permitted to fund 
longer-term studies conducted at the center at a level of up to one-third of 
the center’s budget. Short-term reseach would be retained within the agen- 
cies. While we realize that many factors must be considered in evaluating 
the merits of this proposal, we offer the suggestion to promote thought and 
stimulate discussion. 

The interplay between science and regulation merits a much deeper 
examination than we are able to provide here. The lessons that could be 
learned, if translated into practice, are likely to justify the effort many times 
over. 
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Municipal Waste Combustion and New 
Source Performance Standards: Use of 
Scientific and Technical Information 


Suellen W. Pirages and Jason E. Johnston 


The release in 1992 of a U.S. Environmental Protection Agency report. 
Safeguarding the Future: Credible Science and Credible Decisions (EPA, 
1992), signaled a renewed interest in and concern about application of sci- 
entific and technical information in the regulatory process. The develop- 
ment of scientifically based and technically sound regulations requires evaluation 
of a broad range of factors, including: 

• Risks posed if an activity is unregulated; 

• Benefits achieved if an activity is regulated; 

• The feasibility of controlling risks; 

• Costs incurred by a regulated community and the nation both with 
and without a specific regulatory program; and 

• Ranking of risks and costs within national environmental priorities. 

Information regarding these factors is continually changing as research 
efforts within scientific, technical, and medical communities are completed 
and as national environmental priorities are reevaluated. This case study 
evaluates the use of technical and scientific information in the development 
of proposed and final new source performance standards for new municipal 
waste combustors. Promulgation of these standards was mandated by amendments 
to the Clean Air Act (42 U.S.C. §7411). Although the focus is limited to 
performance standards developed for new (not existing), large facilities (i.e., 
greater than 250 tons per day unit capacity), we believe that the extent to 
which scientific and technical information was used by EPA is typical of 
many environmental regulatory programs. 
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Municipal waste combustion (MWC) takes place both with and 
energy recovery. Combustion with energy recovery, through genei 
steam or electricity during incineration, is termed waste-to-energy 
or resource recovery (RR). Combustion without energy recovery is 
incineration. In the past, both incineration and WTE facilities ha 
built in the United States. Currently, new MWC facilities almost 
include energy recovery. 


FRAMEWORK FOR ANALYSIS 

There are two points in any regulatory decision-making proces 
scientific and technical information can be used. The first is dm 
initial debate about whether a regulatory program is necessary, tecl 
feasible, and cost-effective. The second point is during the develop 
a rule. 

In an ideal world, determining the need for a regulatory progran 
depend strictly upon analysis of scientific and technical data and ii 
tion. However, such a world does not exist. Instead, tensions ( 
between politics and science, both within regulatory agencies and 
the different stakeholders in a regulatory outcome. Even once a d 
about need has been made, tensions within agencies and among sta 
ers continue until a final rule is promulgated, and these tensions m; 
well persist. 

In evaluating whether, and to what extent, EPA used scienti; 
technical information at these two points in the decision-making p 
our analysis focused on the following questions: 


How did the regulatory system respond to scientific and te 
understanding? 


What factors contributed to the acceptance (or lack of accepta 
new information by the risk management and regulatory community' 
What incentives and disincentives existed in the risk mana 
and regulatory system to seek new information? 

What differences, if any, exist in perspectives among federa 
and local levels of government when evaluating new information? 


We reviewed documentation available in EPA public dockets 
proposed and final rule and identified additional literature containing 
tific and technical information about MWC. In addition, we inter 
representatives from the regulated industry, state and local govern 
and EPA.^ We reached the following conclusions: 

Scientific and technical information was applied in developii 
ticular sections of the proposed and final new source performance sta 
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for municipal waste combustion. However, politics often influenced regula- 
tory decisions, resulting in neglect of available and relevant scientific and 
technical information. Such information was ignored in determining the 
need for a federal program specific to municipal waste combustion. Scien- 
tific and technical information was dismissed during EPA debates on whether 
a materials separation requirement should be included in operating permits 
for individual facilities. 

• The perspectives of federal, state, and local governments vary. For 
example, the stringency of regulatory requirements depends upon the breadth 
of application in a regulatory program, that is, requirements for a single 
facility can be more stringent than those applied at a state or federal level 
with variable environmental conditions and waste management needs. 

• Incentives and disincentives for development of new technology are 
perceived differently among various stakeholders in any regulatory program. 

THE MWC INDUSTRY 

Municipal waste combustion facilities — with or without energy recov- 
ery— are not a recent phenomenon. Nor did the development and imple- 
mentation of air pollution control technology occur only in response to 
congressional mandates or agency regulations. 

Historical Development 

Waste-to-energy and resource recovery facilities have been used as waste 
management options in the United States for several decades. The nation’s 
first facility constructed with the intent to recover energy began operation in 
New York City in 1905 (Walsh, 1991). It represented the first attempt at an 
integrated waste management system, incorporating incineration, recycling, 
and materials separation at a single facility. Municipal waste was burned in 
a hand-stoked furnace and energy was recovered with water-tube boilers. 
The electricity generated was used to light the Williamsburg Bridge. The 
plant operated for eight years, burning approximately one-fifth of the waste 
generated in Manhattan and the Bronx while achieving a 60 percent separa- 
don and recycling rate. Despite economic success, the facility was closed 
in 1913 because of maintenance problems (Walsh, 1991). Subsequent in- 
cineration facilities built in the 1920s did not include resource recovery and 
recycling. 

In the 1950s, MWC became a recognized waste management tool and 
source of electricity in Europe. At this time, European vendors were begin- 
ning to apply pollution control technology to reduce potentially harmful 
stack emissions. By the 1960s, MWC reemerged in the United States with 
the installation of European-developed pollution control technologies. Pol- 
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lution controls were installed in response to particulate standards proi ul- 
gated in the late 1960s through air programs within the Departmen of 
Health, Education, and Welfare (DHEW) (personal communication wit L. 
Hickman, Solid Waste Association of North America, 1992). Because f a 
newly perceived solid waste management crisis in the early 1970s, M /C 
with pollution control regained a broader acceptance by U.S. commun ies 
as a waste management option. 

As illustrated in Figure 1, use of air pollution control devices prec tes 
the development of the 1990 comprehensive new source performance s m- 
dards. Pollution control devices were first installed in 1957 and bee ne 
standard for new facilities by the early 1960s. The first energy-reco try 
plant to incorporate modern technology was constructed in Chicago, ili- 
nois, in 1970. This facility followed European designs, featured a water all 
furnace for heat recovery and electrostatic precipitators for pollution )n- 
trol, and provided all of its own operating energy. In 1975 a Massachu ;tts 
facility sold energy to outside users, initiating the commercial wast( to- 
energy industry. Also in 1975 an Iowa facility was retrofitted with ele( ro- 
static precipitators and fabric filter technology (Waste Age, 1992). 

Current Industry Status 

Figure 2 shows that the use of waste-to-energy as a municipal v ste 
management option has increased dramatically over the past decade. )ne 
reason for this increase has been the growing endorsement by govemi ent 
officials of MWC as a legitimate component in national and local v ste 
management plans. For example, in the 1989 EPA report The Solid W ste 
Dilemma: Acrzo/ 2 , MWC was considered a desirable compo ent 

of the solid waste management hierarchy (EPA, 1989a). The agency’s >93 
goal for municipal waste management, as stated in this report, is to re ice 
the annual volume of waste generated by 25 percent through recycling ind 
source reduction and to incinerate 20 percent, leaving only 55 percent 1 be 
landfilled (Porter, 1990). These goals are not mandated by a federal re^ ila- 
tory program. 

The volume of waste managed through MWC with energy recover} ind 
the rate at which facilities have been constructed throughout the Ui ted 
States attest to local government’s acceptance of this technology as a v ble 
waste management option (Figure 3). Currently, 17 percent of the L96 
million tons of municipal waste generated annually is managed at 190 N VC 
processing and combustion plants (Kiser, 1992). Of these, 142 facilitie are 
waste-to-energy plants with a total capacity of 101,000 tons per day t/d) 
(Kiser, 1992). These facilities provide sufficient electricity to mee the 
needs of 1.3 million homes — equivalent to burning 31 million barrels c oil 
annually (Kiser and Burton, 1992). 
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Science and Engineering 


Policy and Regulation 


- First energy recovery facility with integrated 

waste management activities in the United States 
(New York City, NY) 


1905 


- ESP instailed on an incinerator (Euclid, Ohio) 


1955 


“ ESP on a WTE facility (Queens, N.Y.) — 

- Wet scrubber installed on an incinerator * 
(Sheboygan, Wis.) 


1960 


-Clean Air Act (CAA), PI. 88-206 

- Particulate standard for all incinerators published 
byDHEW 


- Spray dryer/fabric controls installed on an — 
incinerator (Framingham, Mass.) 

- Waterwall heat recovery and ESP on a WTE 
facility (Chicago, 111.) 


1 970 CAA Amendment requiring air emission standards 

I - Formation of Environmental Protection Agency (EPA) 


Revised standards for particuiate controls by EPA 


- Recognition of ESP as replacement of wet 
scrubbers for MWC, by replacement at WTE _ 
facility (Nashvilie, Tenn.) 

- ESP/fabric filter Installed at a WTE facility — 
(Ames, Iowa) 

- Odor problems at Hempstead, N.Y. facility led 
to detection of dioxin/furans 


■41975 


1980 


Legal ruling about EPA authorities in PSD 
reguiatory programs 


- CAA Amendment mandating study of ail 
dioxin/furan sources 


1985 


- EPA determines levei of dioxin emissions at MWC 
are not a public health risk 

- NRDC, New York, and Florida petition for 1977 
mandated study 


- First use of selective noncatalytic reduction 

for NOx control 

- Spray dryer/fabric filter and continuous monitoring 
required at a WTE facility (Marion County, Ore.) 



- NRDC, New York, Rhode Island, and Connecticut 
petition for determination of health effects 

- EPA Report to Congress on MWC 

- EPA advanced notice for rulemaking for MWC 

- EPA determines that acid gas scrubbers are best 
available technology 


' EPA proposes new source performance standards for MWC 


EPA promulgates final new source performance 
standards for MCW 


- NRDC, New York, and Florida petition for ruling on 
materials separation and lead-acid batteries; US Court of 
Appeais, D.C. Circuit ruling on petition 


FIGURE 1 Timeline of significant technical, legal, congressional, and regulatory 
events in combustion of municipal waste. 
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FIGURE 4 Total operating and projected MWC capacity by EPA region. 


In addition, projects under construction or being planned could bring 
total waste volumes managed with MWC to 53 million tons per year (t/y) by 
the year 2000 (Kiser, 1991). Figure 4 indicates that operational and pro- 
jected MWC capacity is concentrated in the eastern portion of the United 
States (EPA Regions I, II, III, and portions of Region IV). For example, 34 
percent of operational capacity and 38 percent of projected new capacity are 
located in EPA Regions I and II alone. 

Despite recent increases, however, the level of use in the United States 
is below that in other nations. Switzerland incinerates 80 percent of its 
municipal waste, Denmark 60 percent, and the Netherlands 40 percent. Ja- 
pan incinerates 72 percent of that volume of municipal waste remaining 
after separation for recycling (Integrated Waste Services Association, 1992a). 
The increased reliance on MWC in these countries is undoubtedly due to 
shortages of areas suitable for landfills. 

Technology Used Between 1975 and 1989 

A major finding of this case study is that between 1975 and 1989, new 
facilities were being constructed with best available pollution control tech- 
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nology and operated with sound combustion practices. These stringent pol- 
lution control and good combustion practices were required as part of the 
CAA Prevention of Significant Deterioration of Air Quality (PSD) program 
that was managed by state agencies and implemented by local (i.e., county 
or city) environmental agencies. With few exceptions, these early PSD 
requirements led to use of the same technologies used by EPA to establish 
the 1990 new source performance standards. 

Combustion Design 

Municipal waste combustors consist of three basic types: mass bum, 
modular, and refuse-derived fuel (EPA, 1989b; National Solid Waste Man- 
agement Association, 1991). Combustion chambers are similar among these 
types, with major differences being size of a facility, combustion condi- 
tions, and degree of waste processing necessary before combustion. Figure 
5 shows the design of a large, mass burn facility. 

Mass burn facilities handle mixed waste streams, generally without any 
precombustion processing other than removal of overly large items and those 
items included in local source separation programs. Individual units range 
in capacity from 50 to 1,000 t/d. Facilities can be constructed with more 
than one combustion unit. Combustion occurs at temperatures ranging from 
1,800 to 2,000°F. Typical mass bum technology uses hydraulic rams or 
pusher grate sections to move waste mechanically onto a grate. Combus- 
tion is enhanced by agitating the fuel bed; waterwalls are used to cool the 
combustion chamber and to recover heat for steam or generation of electric- 
ity. 

Modular facilities are similar to mass burn plants but are prefabricated 
and smaller. Individual units range in capacity from 5 to 120 t/d. A modu- 
lar facility can be constructed with two or more combustion chambers in 
either of two designs: modular excess-air or modular starved-air. These 
units are constracted with refractory walls, and most new facilities recover 
heat with waste-heat boilers. 

Refuse-derived fuel facilities use processed waste to ensure a uniform 
fuel during incineration. Waste processing involves removing materials that 
can be recycled or are not combustible; remaining wastes are shredded. In 
these units, shredded waste is generally fed by a stoker onto a moving grate 
and transported into the combustion chamber. These units range in capacity 
from 270 to 900 t/d. Virtually all plants are constructed with waterwalls 
and employ heat recovery systems. 

A fourth system under development employs fluidized bed combustion. 
In these units, waste is burned within a turbulent bed of heated noncombus- 
tible material, usually sand or limestone. These units generally bum pro- 
cessed waste, sometimes mixed with other fuels. Design plans generally 
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FIGURE 6 Use of air pollution control technology by year of start-up. 


Iriiiially, wet scrubber technology was used to control jiarticulatcs, but 
this technology soon became obsolete because it could not achieve the par- 
ticulate standards of the late 1960s and early i970s. For example, low- 
energy, wet scrubbers at a Nashville, Tennessee, facility were replaced in 
the mid- 1 970s with electrostatic precipitators (ESP) because of Ihc increased 
removal efficiency and enhanced ability to function at high tcinperatiires 
(Gaigc and Halil, 1992). This change at a large existing comniercial facility 
signaled the end of wet scrubber installations at new iiiiils. laitcr, industry 
switched to fabric filters and large multifield ESPs for even greater etti- 
cicncy in poHiilion control. 

In addirioii to particulates, acid gases (i.e., sulfur oxides and hydrogen 
cliloridc) arc fouiiJ in MWC flue gas. Sulfur dioxide (SO^) rciiioviii tecli- 
iiology was in its second generation at coal-fired plants during the Ui7tls; 
ihcreforc, based on operational information from, these plants, this rermwul 
kxiiriology was easily installed at MWC facilities. For example, in ilie 
PCOs, following three PSD pemi.it remands concerned with appropriaie 
acid gas conlrols, EPA declared that acid gas scrubbers used in corijiiiiciioii 
with fabric fillers were to be considered “available” control icchiudogy in 
the PSD pernit! program. By 1987, most new plants were being coiisiriicted 
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range in size from 200 to 500 t/d. Heat recovery is generally a conif nciil 
oF the design. 

Composition of Air Emissions 

Several different compounds can be generated and released lo the lii as 
a result of combustion activities, for example, operation of motor ve cies, 
wood-buriiing stoves, forest fires, and operation of municipal waste :om- 
bustors. The composition of air emissions formed during coinbnsti^ i de- 
pends on the type of material being burned. In an MWC facility n 'liotii 
any air pollution controls, the type of air emissions generated cai vary 
(DePaul and Crowder, 1988). For example, the following types o1 com- 
pounds mciy be formed during combustion: 

• Particulate matter consisting of noncombustible material such as : etals, 
light ash escaping through an exhaust system, or organic material tl t has 
not fully been incinerated. 

• Sulfur dioxides formed from combustion of items such as pape , rub- 
ber, wallboard, and grasses. 

• Nitrogen oxides resulting from the combustion of materials ci itain- 
ing nitrogen, for example, yard wastes and textile materials. 

• Carbon monoxide as a product of incomplete combustion. 

• Hydrogen chloride may result from combustion of materials C' itain- 
ing chlorides. 

• Chlorinated organics can result from incomplete combustion. 

MWC Air Pollution Control Technology 

A major difference between facilities constructed after the 197 s and 
older existing facilities was the extent to which air pollution conli 1 was 
incorporated. In general, local or state environmental agencies !i; e not 
always required older facilities to retrofit (i.e., to add more cific iii air 
pollution controls). In some instances, agencies perceived relrofils a t reat 
ing major technical and economic problems that could result in clos res ol 
older facilities and disrupt an essential component of the locality’: w:iMe 
management plan. In contrast, new construction designs included i tiuiio 
menis for state-of-the-art combustion designs and air pollution coiui Is 

f igure 6 shows the increased use of add-on air pollution control .wi! es 
over the past two decades. By the time EPA’s new source perlo nance 
standards were proposed for new MWC facilities in 1989, a suf laniial 
proportion of new facilities already included the proposed level ol ni pollu 
tion control. The Appendix provides a brief description o( the leo:iii 
control technologies. 
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Activity at the federal level increased during the 1970s. llic 
(lean Air Act (CAA) included a provision for prevention of significaiin 
dctcfioraiioii of air quality. Because the statutory language vans undear 
regarding EIWs authority, controversy arose about the agency's ioie in 
activities (Pederson, 1987). Litigation brought against EPA by the Siirra 
Cltil) in 1973 resulted in a decision that EPA had the authority to retiidre 
regional air quality standards above national levels and to issue itiipleirienr- 
irig regiilalions. 

TlirotighoLil the 1970s and 1980s there was strong public demand lo 
develop stringent air pollution control requirements for MWC williin the 
PSD program. This demand arose in part from legitimate concerns about 
poleiitiai eniissioiis of dioxins and other harmful compounds from uncon- 
trolled MWC air emissions. More recently, this demand has been streiiglh- 
eiied by a concern that allowing anything less than the best available control 
teclinology (EiACT) for MWC facilities could undermine national goals for 
waste reduction and recycling. For example, public concerns have centered 
on a perception that ‘'‘artificially’’ low combustion costs, resulting from use 
ol less than BACT in PSD permits, would reduce the likelihood dial com- 
niiinities could or woulcl be motivated to develop strong waste reductioo and 
recycling programs. 

Over the years, Congress responded to public pressure with eiiactrrieiit 
of several slatiites directly affecting MWC: 

• 1970 CAA Amendments (PL. 91-604) mandated new particiilale standaids; 

• 1977 CAA Amendments (P.L. 95-95) required identificalion of all 
sources of potentially harmful air emissions; 

• 1984 Hazardous and Solid Waste Amendments (HSWA; IfL, 98-616) 
required evaltiaiion of risks associated with dioxin emissions from MWC; 
and 

• 1990 CAA Aoiendments (P.L. 101-549) required new source perfor- 
mance standards for MWC. 

Tlie regiilafory response to these mandates is discussed in the following 
sec lions. 


Clircirioicigy of Legislative, Legal, and Regulatory Activilies 

EPA has a long history of involvement in MWC, as illustrated iu Ihyuii* 
I. ill response lo mandates of the 1970 CAA Amendments, EPA issued new 
source ^^e^^^)rIlUlnce standards for particulate emissions for geiieral coiiihy.s- 
iKHi iiiiirs larger than 50 t/d and constructed after December 1 97 f . d’lic nc w' 
staiidards were issued under the authority of Section 1 1 1(b) of the CAA (4-(i 
C.FIC Part 60, Subpart E). 
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FIGURE 7 Comparison of total MWC units permitted with the riiimber of unit; 
corislructcd with acid gas scrubbers. SOURCE: Gaige and Halil (1992). 


with add gas scrubbers as a result of permit changes for existing faciiitiei 
(Ciaige and Halil, 1992). I’he rapid use of acid gas scrubbers in the lati 
I98()s is shown in Figure 7. 

Binissions of nitrogen oxides (NO^) can be controlled cilher by chaiig 
ifig combustion conditions or installing add-on controls. Before the 1,98! 
new source performance standards were pn)posed, conibustiofi praciices wen 
used lo control NO^ emissions. These consisted of staged coiiibiisf ioii will 
fine gas recirciilalioii and low levels of excess air. This practice can rcdi.ica 
NO,, emissions by 35 percent without add-on controls ((iaige and Halil 
19 ^ 52 ). 


EFA INVOLVEMENT IN MWC RECJIILAIION 

I'ccieial atieiitioii to municipal waste combiislors began before flic (‘rc 
afioii (if HPA. In response to the passage of the first federal sialiiie pnuvid 
iug aulfiority to regulate air quality in 1963x officials in ilic hlirfd ai 
fifograi'ii proimtlgatcd a particulate standard to be enforced a! ail iiKaucra 
tors. IGdera! activity at that tinie was limited lo oversight siah mipic 
iiiciitiilimi and eiiforceinent of this standard. 
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{)! MWC air emissions. New regulatory action, however, v\ as liiihtce 
lu pioiiiiiigation of a more stringent standard for particulate conlrol in I9K6. 
lilts aclioii was the third change in the particulate standard since llie lOfN 
('AA. 

('oiiccriied about the perceived growth in the MWC iiidLisiry and llie 
lack ()1 a strong federal involvement in the PSD regulatory prograiie ilic 
Naliiral Resources Defense Council (NRDC) filed a petition requesting de- 
veloj)irierii of regulations aimed specifically at controlling air eoiissioiis frorii 
MWC (Cioldstein et ah, 1986), The states of New York, Rhode Island, and 
C oiiiiecticLii also Hied petitions seeking regulations under new source {jer- 
lonnance slaiidards (NSPS) authority (Abrams et al., 1986). The slates 
were prompted to take this legal action by a belief that the requested new 
source performance standards (to be developed by EPA) would match an 
existing program in the New York State (Nosenchuck, 1992). 

1 he report mandated in the HSWA was not delivered to Congress until 
1987 (EPA, 1987a). In this report, EPA concluded that control of toxic 
ciriissioris from MWC could be achieved by the use of good coiiibiistioii 
practices, implementation of alkaline scrubbing devices with either electro- 
static precipitators or fabric filters, and installation of controls for riitrogen 
oxides. As EPA acknowledged in the report, the recommended pollution 
control strategy was representative of those practices and controls already 
being irnpicrnented by state and local governments at many new facililics. 

In response to the 1986 petitions filed by NRDC and the three states, 
IdW aiiiioLinced its intent to develop regulatory requirements for MWC new 
source performance standards under Section 111 of the CAA. In the ad- 
vance notice of proposed rulemaking (EPA, 1987b), EPA concliidcd that, 
“ciiiissioiis from MWC may reasonably be anticipated to contribute to the 
cndangcriiicrU of public health and welfare.” However, the assessmeiil of 
licallh risks performed by EPA did not support this conclusion aru! no otlicr 
sciciilific information was cited in the advance notice. 

At tins time, the agency was also providing guidance to 8latc‘ and local 
PSI) peiriiiiiiiiig agencies about pollution control and combustion tediiiolo- 
gics liiai fdVV considered to be BACT (EPA, 1987c). This guidance cm 
dorsetl tfiosc control devices and technologies already being iniplcinenled 
by stale aiul local agencies in constructing and operating new facilfties, 

Ifi l9Hb fsPA proposed NSPS regulations for operation of new fadfiiies 
dial malclicd flic 1987 guidelines (EPA, 1989b). In addition to standards foi 
coiilroiling MWC emissions, two other provisions were proposed; a ban on 
cumiHislioii of lead acid batteries and a requirement for materials in niiinici- 
pal waste streams to be separated before combustion of wastes. Tfiesc two 
pirovisioiis were not included in the final rule in 1991 (EiPA. !991a). 1’liese 
am! ollici changes made between the proposed and final role are discussed 
in a later sccHoii. 
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!n 1974 the agency issued final regulations for a PSD prograiu. 1 hc 
PSD regulatory program was created as a partnership among icderai, slate, 
and local agencies, and became a vehicle for more stringcni air pollulion 
control at MWC facilities. The program was delegated to slate and local 
agencies lor the implementation and enforcement of air qualilv standards. 
State and local agencies were responsible for reviewing proposed new con- 
struction or modifications to existing sources. Amain component of a PSD 
permit was a demonstration that BACT would be employed. This demon- 
stration comprised a determination for each new facility that maximum re- 
ductions would be achieved, while considering such factors as cost, energy 
use or development, and nonair environmental impacts. 

The 1977 CAA Amendment contained a number of mandates for the 
agency to address. Among the provisions was a requirement for EPA to 
investigate all air emission sources of specific compounds, including diox- 
ins and luians. Given the vast number of mandates in the new statute, this 
investigation did not receive high priority, and EPA resources were allo- 
cated to other more pressing mandates (Porter, 1992). 

In 1979 EPA’s attention was directed to complaints of an odor problem 
at an MWC plant in Hempstead, New York. Emissions from this facility 
were monitored, and chlorophenol was detected (Cheremisinoff, 1987). Additional 
analysis of emissions identified dioxins and furans. Investigations were 
initiated at five different facilities to determine whether dioxin was com- 
monly emitted from MWC. Based on the results of the investigation, EPA 
concluded in 1981 that MWC did not pose a threat to human health if 
dioxin emissions at all MWC facilities did not exceed those identified in the 
investigation (Cheremisinoff, 1987). 

Following announcement of EPA’s findings regarding dioxin emissions, 
cnviioamental groups filed suit against the agency for failing to conduct a 
lull-scale dioxin investigation as mandated in the 1977 Amendments. As 
part ot an oui-of-court settlement, EPA agreed to initiate a broader study. 
Through this subsequent effort, MWC was identified along with other ac- 
tivities as a source of dioxin/furan emissions (personal cominunicaiion with 
F. Porter, EPA Office of Air Quality Planning and Standards, 1992). How- 
evci. the tigency did not comment on the level of potential risk that may oi' 
may not have been posed by dioxin emissions from MWC compared witli 
Ihe Ollier identilied sources, and ignored its previous finding of no hcaltli 

threal. No regulatory action was initiated at this time. 

Public concern about dioxin emissions persisted. Congress responded 
to this concern with additional legislative action in 1984. Section 102 of 
the HSWA required EPA to prepare a report evaluating risks posed by di- 
oxin emis.sions from MWC and to identify operating conditions ap|iropriale 
lor controlling these emissions. The EPA subsequently begun its investiga- 
tion and chose to expand its evaluation to include information on other 
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1987a). In addition, some newly constructed (i.e., by I989| MV'/>7 
lacilhics already had been operating with technologies far superior io those 
noted in tiie advance notice. 

Second, EPA made these estimates based on a projection that 210 new 
facilities (100 percent increase between 1990 and 1995) wotild be coii™ 
slruclcd aficr promLilgatioe of new source performance standards. The source 
of this projeciion is not clearly identified in EPA documeiits; our analysis 
suggests that it was an exaggerated number. Considering currently reiiewed 
public opposition to incineration, fewer projects may be initialed, fnduslry 
data for 1992 supports a conclusion that new development will be much less 
than the EPA estimate (Kiser, 1992). The number of operating WTE facili- 
ties increased only It percent between 1990 and 1992. In addition, three 
facilities are under construction and only 37 are in planning stages. In 
conlrast, 11 MWC facilities have closed since 1990, and 24 proposed projects 
have been cancelled. While there are more MWC facilities in operation 
today than in 1989, industry data do not reflect the magnitude of new devel- 
opment projected by EPA, 

Having calculated estimates of projected emission volumes, EPA failed 
to put these estimates in a national context. For example, one conTpoiieiit of 
sound decision making on the need for additional federal air regiilatioris is 
evaluating the proportion that MWC emissions contribute to total national 
releases for specific compounds of concern. Information on the relative 
contributions to national or regional air quality problems would lend scien- 
tific credibility to any decision. Using such information, EPA could have 
1 ‘aiiked the need for additional federal regulations for MWC among the 
range of erivironmerita! issues facing the agency. In a climate of limiied 
resources, EPA (and Congress) must be able to identify priorities that would, 
provide the greatest health and environmental protection in a cost-effective 
rriaririer. 

A preliminary comparison of MWC emissions with other irKliistrial re- 
leases siiggesis that failure to conduct such an analysis hindered a sound 
decisitm about the need for an MWC federal program. Industry estiiriatcs of 
new devclof'irnent are only about one-fourth of those projected by EPA. For 
our coniparison, we conservatively assumed that there might be a 50 percent 
iiicrcasc in new facilities by 1995. Using this projection ant! EPA ernissio!! 
rales, die following examples illustrate the impact of MWC cuiripared with 
oiiier iiidiisirial activities. For example: 

« ^4WC air emissions of cadmium could represent 7 percent td' die 
mial anuHiiit released by the metals industry; 

• MWC polychlorinated biphenyl (PCB) emissions might he cquivar- 
leiil to 6 percent of total PCB releases by the electrical indiisiry: 

* Clirornium releases from MWC could represent I i.wrccrii of loiai 
chroitiiiirii releases by the electrical industry; 
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Leual proceedings related to the final rule were brought againsi llie 
iio-ency^in February 1992. The NRDC and the states of New York asw! 
Rorida cliallenged EPA’s elimination of materials separation recjuirc.iiuiis 
and its ban on burning lead-acid batteries in the final rule. A court ucctMoi- 
was rendered in July 1992, supporting the agency in its ehmination of a 
materials separation requirement. However, the court suppostcu the peti- 
tioners on the issue of lead acid batteries (U.S. Court of Appeals, l‘-)92). 

Need for a Regulatory Program 

In its evaluation of the need for a federal regulatory program, EPA has 
an opportunity to evaluate a range of information and data. The types of 
material include information about potential national impacts of the activity 
of concern compared with other industrial activities, data pertaining to po- 
tential health and environmental risks posed by the activity of concern, and 
information about alternative options for regulating the activity. 

The information available suggests that EPA either limited its develop- 
ment of this type of information or ignored its existence when evaluating 
the need for a federal MWC regulatory program. Such agency action may 
have been the result of limited resources; it certainly was a response tc 
political pressures both wilhiu and outside the agency. For example, the 
agency compiled data and information on the likely compounds and emis- 
sion rates, and conducted two separate risk assessments. However, it die 
not provide sufficient data or other information that could have presentee 
these rates and potential risks within a national environmental context, li 
addition, senior officials in the agency apparently chose to disregard the 
results of the risk assessments. 

Projected National Impact 

[n the advance notice of proposed rulemaking, EPA published eslimalc: 
of emissions based on projections about the extent of new IVIWC’ develop 
(uem (EPA, 19S7b). The baseline estimates for “projected f'acililics’’ incor 
porated two assumptions: 

• All projected facilities would have efficient parliculale removal sys 
terns, .such as electrostatic precipitators, which were assumed to result in 
control clficiency of 99 percent. 

* These facilities would be operated using good combustion |iraciicc;- 

Two points must be emphasized to put these assumptions in pi opec 
live. First, these baseline assumptions were PSD-required opeiatinu coiKli 
tions, which had been implemented at newly constructed taci lilies smee Ih 
mid-19X0s (see Figures 6 and 7). This fact was noted by EPA in its lepoi 
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• Chlorobenzene emissions from MWC might correspond to 0. 1 | 
cent of reported releases by the chemical industry; and 

• SO 2 emissions could represent less than 0.1 percent ol these eri 
sions from utilities (Reisch, 1992). 


Using current mercury emission data, MWC is estimated to contril: te 
less than 1 percent of total mercury released to the environment (Kiser , id 
Sussman, 1991). This limited comparison suggests that the basis on wh ;h 
new development is projected becomes a critical factor in analyzing rcgi j- 
tory needs. If EPA had applied the results ol a comprehensive, comparat 'e 
analysis of projected air emissions, its decision about a federal rcgulati y 
need might have been much different. In the absence of reliable and ver i- 
able data, EPA staff had no ability to balance diverse political pressures. 

The expected reductions in air emissions associated with irnplemeii i- 
tion of the proposed standards (EPA, 1989b) had little scienlific credibi! 

For example, estimates of projected reductions were based on expected uchie 
ments by mid-1990, assuming that all 210 new facilities would be c( 1 - 
structed and operating. In developing these estimated reductions, tiPA ( d 
not acknowledge that facilities constructed since the mid-l98()s already - 
eluded these proposed technologies. 

Two factors influence the agency’s effectiveness in making critical 1 - 
tional decisions. The first concerns limited resources and liming of neci - 
sary decisions. Resource and time constraints hinder EPA’s ability to ( - 
velop sufficient data with which to make decisions; thus, its decision-maki ? 
effectiveness is weakened and general acceptance of final decisions is jec - 
ardized. Second, rarely does the agency assume a necessary leadership r< ; 
in making tough decisions that are counter to public fears, even when I ; 
agency’s own information indicates that these fears arc without basis, 'f ; 

*'Otild have insisted that an additional program was unnecessary 1 - 
cause the available information indicated that MWC emissions posed t 
national threat and because state and local agencies were addressing lot I 
potential risks. 

If appropriate data had been developed early, it might have affected l ; 
congressional debate in the early 1980s. Knowledge about the nuignitudc f 
perceived threats and the potential for enhanced protection, evaluated with 1 
a national context, also might have balanced political pressures for fedei i 
action. With sound data on MWC industrial development, evidence of lii - 
ited risks to public health, and increasing local community acceptance f 
these facilities, the agency could have placed itself in a leadership role 1 
the debate about the need for an additional federal program. Instctid, f.l 
placed itself in the unfortunate position of being only one of several sink ■ 

holders, all of which had information of limited scientific or technical ere 
ibility. 
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Evaluation of Risks 

A second type of information necessary to evaluate the need for a fed- 
eral regulatory program concerns potential risks to human health and the 
environment posed by exposure to MWC emissions. As part of its 1987 
Report to Congress, EPA conducted risk assessments of MWC emissions 
(EPA, 1987d). The results suggested that individual risks (i.e., those posed 
by a single facility to residents of a host community) were not above the 
then-informal, national acceptable risk range. ^ The agency evaluated poten- 
tial risks under two exposure conditions: 

» Projected facilities would use electrostatic precipitators to control 
particulate emissions and implement good combustion practices to mini- 
mize emissions of other constituents; this was designated the baseline sce- 
nario. 

• Projected facilities would use dry alkaline scrubbers in conjunction 
with particulate control technology and good combustion practices equiva- 
lent to the baseline condition; this was designated as the controlled sce- 
nario, which was being installed at many new facilities in 1987. 

The EPA estimated an individual lifetime cancer risk from direct inha- 
lation for the baseline scenario as a range of 1 in 100,000 (10 -^) to 1 in 
10,000 (10”“*) for organic compounds and 1 in 1,000,000 (lO-*^’) for metals; 
these risks are within acceptable ranges (i.e., 10“^’ to lO'^''). In this assess- 
ment, EPA indicated that the primary contributor to any risk associated with 
organics was the level of estimated dioxin and dibenzofurans emissions. 
Actual data obtained during EPA’s 1981 investigation of five facilities were 
counter to these new estimates. 

The discrepancy between estimated emission levels and actual monitor- 
ing data can be explained. For example, the assumptions and values for 
exposure variables used by the agency in this assessment are extremely 
conservative (RolTman and Roffman, 1991). The EPA assumed a stack 
height that is unusually low and might not have been acceptable under 1989 
slate and local PSD permits. In addition, estimates of emission rates for 
selected constituents may not have reflected the level of pollution control 
also being required by state and local governments at that lime. Therefore, 
given the level of conservatism in EPA exposure assumptions, this risk 
estimate is likely to overestimate any real risk. The EPA indicated in its 
advance notice of proposed rulemaking that “[i]t is not likely that the iiuc 
risks would be higher than the estimated risk, and they may he considerably 
lower" 1 emphasis added] (EPA, 1987b, p. 25404). Because the agency’s 
estimates of potential risk are within the acceptable risk range and because 
liPA believed that actual risks would be lower than the estimate, there is no 
justification for its view that regulation was warranted. 
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During the course of preparing proposed standards for new MWCs, 
tPA conducted a second risk assessment (Morrison, 1989). In this ainlysh’' 
emission data were collected by the agency directly at newly operating 
acihties. The baseline and control scenarios, as well as the assessmeiil 
methodology, were the same as in the previous study, but the quality of data 
was better in the 1989 analysis. The EPA indicated that emission data used 
m 989 were generated using prescribed testing, analytical and Q/A Iqual- 
ity/assurancej procedures” (Morrison, 1989, p. 2). Such standard collection 
and analysis precautions were apparently not followed in the 1987 effort 
Results of this second analysis estimated an overall worst-case indi- 
vidual lifetime cancer risk of 7 in 1,000,000 (7 x lO-^^) for the baseline 
scenario. Estimates of noncarcinogenic hazards associated with air emis- 
sions tor hyckogen chloride, lead, and mercury were below health param- 
eteis enforced in 1989. Therefore, facilities with pollution control technol- 
ogy as defined in the baseline scenario do not pose unacceptable carcinogenic 

Itudks' ^Soncy officials chose to ignore these 

More recent publications discussing risks associated with MWC emis- 
^ons support these 1989 estimates, suggesting that risks from exposure to 
MWC emissions are minimal tor host communities. For example, dioxin 
levels (the reason for much of the public concern) from new facilities have 
een measured at less than I percent of estimated background intake. Con- 
centrations of inorganic and metal emissions are similar or lower than those 
detected as background levels in rural environments (Greim, 1990). 

Options for EPA Involvement in Air Regulatory Programs 

In 1985 EPA unveiled a new National Air Toxics Strategy to address 

ei:: mo:v " ^ 

thm 'mnp ^"set those “sources of complex toxic emissions 

rtk” fFPriQXsrT"l ' of the controllable health 

nf Li ’■ ^Sency identified those sources 

of d r emissions meriting priority attention for regulatory development. MWC 

racilities were not mentioned. 

n iJ" ‘"'“To? Congress, EPA Administrator Lee Thomas emphasized 
. cesire in EPA to make choices between the need for developing new 

cooperation with state air-toxics control 
p.ograms ( fhomas, 1985). A decision for greater cooperation with slate 

recognition that the potential risks po.sed 

health risk”*^ Ttf'^Rpi represent a major national public 

, ‘ ^ EPA appeared committed to assisting states in addressing 

these more local problems. 

Therefore, at the time that decisions about controlling MWC emissions 
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were being debated, the agency had two options. The EPA could develop a 
new federal regulatory program, or it could enhance EPA cooperation and 
assistance, both financial and technical, to state regulatory programs. Infor- 
mation available to EPA at that time suggests that the latter option could 
have been preferable. For example: 

• MWe facilities were (and still are) “clustered” in the northeastern 
section of the nation. This technology was being used as an alternative at 
those locations where landfill capacity was most severely limited. 

• New facilities constructed in the mid-1980s generally included state- 
of-the-art air pollution controls in response to state and local PSD permit 
requirements. 

• Emission levels estimated by EPA under its baseline scenario repre- 
sented a small percentage of national emissions for specific constituents and 
were of a much lower magnitude than those emissions from other industries. 
Therefore, these facilities did not pose a major national public health threat. 

• The EPA’s own risk estimates for projected facilities indicated that 
risks associated with these new facilities were within the range of accept- 
able risks. 

At this point, many state and local environmental agencies were devel- 
oping stringent requirements for new facilities. A more efficient process 
that could be supported with existing scientific and technical information 
might have been to leave the regulatory response at the state level with 
continued assistance from EPA. Using this information, EPA could have 
justifiably concluded that the most cost-effective means of regulating these 
facilities would be to strengthen state and local enviionmental programs. 
Constrained federal resources could have been directed at developing regu- 
lations for more significant national pollution problems. 

Choice of Regulatory Authority 

Two problems were presented to the agency. One was the fact that its 
own data suggested that there were no unacceptable health risks associated 
with MWe emissions. The second problem was the public pres.sure for 
federal regulations beyond those already included in the PSD permit pro- 
gram. In addition, there was evidence that once Congress addressed amend- 
ments to the CAA, it would mandate development of new source perfor- 
mance standards for MWC facilities. Thus, ignoring the scientific and 
technical data at hand, EPA proceeded to seek a legislative mechanism that 
did not depend on health- or risk-based standards as the foundation tor its 
regulatory program. 

Two authorities exist for development of air emission sta,ndards in the 
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preferred to use Section 111 . The EPA belie^erthat”^^ 

entsTf MWC Te^u^sf f 

the most appropriate comorehe T •° 1 ' 1 1 1(d) constitutes 

emissions (EPA, 1 987b, 2539^7^ strategy for control of these 

use It7rar;7 ts-m -ult 

performance as the standards of p^^Slance'^for 7"' 
scientific and technical dilemma for the ^7 removed the 

juslify a regulatory pro™7red ^ 

clards developed under ^Section in^H public health risks. Stan- 

analyses, nor are they required to have'a rdlfo bas^' 

Factors Leading to Federal Involvement 

gov™:n777f vla^ 1 7 

public concern abo t potenSl ! ^ 
regulatory agencies have been L ' 

noiogies as tt meaL o7aint7 state-of-the-art lech- 

fies. Unless these officials f ™™*^y of proposed facili- 

pollutiofi controls will be installed the^” ^ available air 



MUNICIPAL WASTE COMBUSTION AND NSPS 


113 


1992). Consequeetly, most new facilities being permitted before develop- 
ment of an EPA regulatory program employed the type of technologies 
discussed earlier. 

Our analysis indicates that internal and external political pressures were 
the single most important factor influencing EPA’s decision about a federal 
regulatory program. The agency ignored and disregarded available iriforma- 
tiori that was counter to these political pressures. For example: 

» The EPA suggested that the number of new projects and amount of 
waste to be managed at these facilities could be expected to grow signifi- 
cantly as landfill capacity declined. While some projection was acknowl- 
edged by industry, the agency discounted available information that pro- 
jected development would not be uniform across the United States. The 
economic costs of MWC cannot be borne by all communities or regions. 
Therefore, the expected pattern of development would be dependent on the 
availability of landfill capacity and cost-effective recycling programs as a 
iiieaiis of reducing disposal volumes. Available information indicated that 
M:WC development was highly regional and much more local than sug- 
gested by EPA, 

• The EPA provided no basis to discount the expectation that state and 
local regulatory agencies would continue requiring stringent PSD permit 
regulations. In addition, there is no reason to expect that EPA oversight of 
these requirements and resulting permits could not continue and would not 
be effective. The agency did not follow its own 1985 National Air Toxics 
Strategy, which could have increased financial and technical assistance to 
state environmental programs. 

• EPA estimates of increases in overall MWC air emissions, without a 
new federal regulatory program, were not supported by any informatioii 
available in the mid- to late-l98C)s. In fact, these estimates were based on 
less efficient technology and less rigorous operating practices than were 
already being required by state and local regulatory officials at new facili- 
ties. Also, the agency did not attempt to place estimates within a national 
corilext as a means of determining whether they were a major contributor to 
public health and environmental risks. 

Ill addition, a new administration was taking office at the time EPA was 
debating its decision. This new administration had emphasized a comiriil- 
irienl to the environment. Therefore, MWC became an easy and very vis- 
ible target to demonstrate this federal commitment, regardless of the lack of 
scientific support for a need to develop another federal regulatory program. 

Too often, pressures from public interest groups and Congress over- 
wheliTi any attempt by the agency to develop regulatory programs that incor- 
porate sound scientific and technical information. Unfortunately, there are 
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examples m other regulatory programs where political pressure negate 
EPA decision to develop regulations heavily weighted toward scientific 
technical information. In such situations, conflict with Congress apt 
inevitable and EPA is prevented from taking a leadership position ai 
with sound scientific and technical information. 


NEW SOURCE PERFORMANCE STANDARDS 

A second stage at which scientific and technical information cai 
applied in a regulatory context is during development of a proposed 
mal rule. For the most part, EPA relied on these types of informatio 
the new source performance standards for MWC emissions for new fa 
ties. The following sections provide examples of the information used 
various points where new information emerged. 

The purpose of the NSPS was clearly stated in the preamble of the f 


he intended effect of these standards is to require new, modified, and 
reconstructed MWCs to control emissions to the level achievable by the 
best demonstrated system of continuous emission reduction, considering 
costs, nonair quality health and environmental impacts and energy require- 
ments (EPA, 1991a. p. 5488). sr 4 c 

In developing these standards, EPA must determine which control t, 
nology or technologies can be considered as best demonstrated. There! 
1 must pther control data for each pollutant, or class of pollutants 
concern by sponsoring new research and by requesting data from opera 
facilities. Section 111 emphasizes that the control achieved by these tf 
nologies must be obtainable in a consistent manner across all facilities 
Numerical standards presented in the NSPS rule are based on the ct 
®P®‘=5‘^*®^=hnologies. Although specific control technologies 
S" ® particular standards, there is no requirement i 

these technologies must be used. Any control technology that will achi 
ne numerical standards can be implemented (EPA, 1991a). 

rathe^r'^^Jr^-Tf”^ scientific and technical data i 

“s mdard^f ^ T Previously, the definition 

ouv (RnT^ ^ demonstrated techr 

gy (BDT) available to control emissions of concern. However, even w 

an emphasis on a technology-based standard, political pressure can aff 

regulatory development rather rapidly and forcefully, as ill 

As noted ther^ Tv^ discussion of the materials separation requireme 
nronn J h v/OTked against using available information in 

tionlTn cia iiT"' infom 

tion) in changing the provision in the final rule. 
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Development of Specific Standards 

The EPA did, indeed, use scientific and technical information as the 
basis for the majority of these standards. In addition, changes from the 
proposal to the final version were supported by new data and information 
acquired through the public comment process. This information included 
new technical performance data generated at and provided by operating 
facilities, results of economic analyses received during public comment, and 
questions about the validity of data used by EPA in developing the proposed 
rule. Often such questions of validity prompted the agency to reevaluate the 
relevance or credibility of information in its data base. 

Table 1 lists the changes made between the proposed and final rule. 
The extent to which technical and scientific information has been used is 
illustrated below for good combustion practices and emission controls for 
particulates, metals, acid gases, organics, and nitrogen oxides. 


TABLE 1 Comparison of Proposed and Final NSPS for MWC 


Standard Proposed Rule 


Final Rule 


Applicability Separate requirements 

for <250 and >250 t/d 


Only >250 t/d 


Good combustion 50, 100 or 150 ppmv CO, 
practices (GCP) depending on technology 

(4-hr averaging time) 
100% maximum MWC unit 
load determined during 
dioxin/furan test 
230°C at PM control 
device inlet 


Same limits as proposed, but 
some averaging times 
revised to 24 hours 
1 10% maximum MWC 
unit load 

17°C above maximum 
temperature at PM control 
device inlet 


Metals (PM) 


Acid gases 


Organics 


Nitrogen oxides 


34 mg/m^ at 7% O 2 
10% opacity 

80% reduction or 30 ppmv SO 2 

95% reduction or 25 ppmv HCl 

5 to 30 ng/m^ total dioxins 
and furans 

120 to 200 ppmv 


34 mg/m^ at 7% O 2 

10% opacity (6-min average) 

85% reduction or 30 ppmv SO 2 , 
at 7% O 2 (24-hr block 
geometric mean) 

95% reduction or 25 ppmv HCl, 
at 7% O 2 (annual stack test) 

30 ng/m^ total dioxins 
and furans 

180 ppmv at 7% O 2 (24-hr 
block average) 
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Good Combustion Practices 

The term good combustion practices (GCP) refers to a set of operating 
principles and procedures that ensure optimal operation of MWC facilities 
This optimization maximizes complete combustion of organics and mini- 
mizes formation of dioxins and furans. Components of GCP include identi- 
fication of (EPA, 1991b): 

• Limits for carbon monoxide (CO) emission levels; 

• Site-specific maximum inlet temperature for particulate control de- 
vices, demonstrated during a dioxin/furan performance test; 

• Maximum load level demonstrated during a dioxin/furan performance 
test; and 

• Certification for supervisor and operator training and use of training 
manuals for other personnel. 

Changes made in these components and published in the final rule re- 
flect the incorporation of new information provided through public com- 
ment. For example, the proposal required monitoring CO levels to verify 
correct implementation of GCP. The proposed CO limits and averaging 
times were based on data from existing facilities (EPA, 1991a), but data 
from newer facilities indicated that lower limits, as eventually promulgated 
in the final rule, could be achieved (EPA, 1991b). 

Similarly, new data were the basis for changes in maximum tempera- 
tures at particulate control device inlets. The single temperature proposed 
for particulate control devices was changed to a site-specific maximum 
(EPA, 1991a,b). Several alternative temperature limits were recommended 
by industry during the comment period in an effort to improve metals emis- 
sion control. However, EPA indicated that the purpose of this standard was 
to prevent formation of dioxins/furans rather than to control metals emis- 
sions. Because temperature variability influences the generation of dioxins/ 
furans, the final rule established a maximum variance (e.g., + 17°F) for 
these temperatures based on new industry information (EPA, 1991b). 

The EPA changed the performance standard for maximum steam load in 
response to new data about technological feasibility. The objective of this 
standard is to limit flowrates of flue gas, maximize control of particulate 
emissions, and reduce formation of organics. The agency enforces a maxi- 
mum steam load requirement because flue gas flowrates, themselves, cannot 
be measured accurately. Equipment vendors are developing systems to measure 
flue gas flowrates; once one is validated as best demonstrated by EPA, 
actual measurement of flowrates can be incorporated into the standard (EPA, 
1991a). This final standard clearly illustrates EPA’s acceptance of limita- 
tions in both technical achievability and monitoring capabilities when de- 
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veloping regulations. Because Section 111 requires EPA to periodically 
review all standards, there will be future opportunities to revise the basis of 
new source performance standards as new technology becomes available. 


Particulate and Metal Controls 

The standard for particulate and metal controls was not changed in the 
final rule However, some commenters felt that the proposed standard was 
too stringent or not achievable. In response to these comments, EPA sought 
and reviewed data from 10 plants with state-of-the-art control devices These 
data indicated that average particulate emissions could be controlled to be- 
low 23 milligrams per dry standard cubic meter (mg/dscm). One set ot 
data however, indicated emissions of 32 mg/dscm. The best demonstrate 
technology is defined as that technology which can consistently achieve 
certain emission concentrations. Therefore, EPA selected a final standard 
of 34 mg/dscm (EPA, 1991a). 


Acid Gas Controls 

Acid gas standards were the source of some controversy during public 
comment; concerns were directed at questions about what could consid- 
ered an appropriate designation of best demonstrated technology. Some of 
those contesting the proposed standard suggested that more long-term da a 
were needed and that it would be preferable to establish design smndards 
(e g flue gas temperature entering the control equipment or stoichiometric 
ratios) rather than numerical limits (Walsh, 1990). However, EPA main- 
tained that its data were sufficient to demonstrate that acid gas limits could 

"sttween publication of the proposed rule and promulgation of the final 
rule EPA reviewed additional data supplied by commenters and changed i 
smndard for acid gas emissions. The SO, standard was -tsed as noted^n 
Table 1 (EPA 1991a). Considerable new information was put at bPAs 
IScsi indilng U.a. more arringen. standards can be achreved 

and other data suggesting that greater stringency was no possi 

mation about marginal costs, increased volumes of lime necessary 

Terr control, and trade-offs between incremental acid gas reductions and 

increased landfilling of lime wastes was provided to EPA^ data 

To resolve the controversy, the agency evaluated SO, emissions data 
from a new facility equipped with spray dryer/fabric filter contro s an 
determined that an 80 percent reduction could be achieved “ 

continuously. In this case, a change in a Anal^dard 'v as based on statis- 
tical analyses of data from an actual facility (EPA, 1991 a,Dj. 

Although some commenters believed that the standard for y roc on 
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acid (HCl) was too stringent, EPA did not agree. Tests from a number )f 
facilities with spray dryer/fabric filter controls indicated that 95 perc it 
reduction could be consistently achieved (EPA, 1991a). The agency del r- 
mined that HCl control technology, tested annually, was sufficiently dev l- 
oped, and therefore demonstrated, to meet the standard consistently (El 
1991b). 

There also was some controversy associated with monitoring for a d 
gases. Sulfur dioxide emissions can be monitored continuously; howev r, 
continuous HCl monitors are not yet “demonstrated.” Available data in - 
cated that the HCl standard (95 percent reduction) is achieved when SO^ s 
reduced by 80 percent. Therefore, EPA determined that continuous H !1 
monitoring represented a redundant requirement. The agency support i 
this determination with statistical correlations between HCl and SO 2 : - 
moval (EPA, 1991b). 

Rather than a numerical concentration limit, EPA selected a perc( t 
reduction performance standard because it could be demonstrated as m( t 
accurate and representative of performance for acid gas control systen 
Requiring intermittent, high emissions to be reduced to a specific numeric 1 
level could have unnecessarily increased the complexity and costs of co - 
trol systems (EPA, 1991a). The agency applied information on technolo^ - 
cal capability in setting these standards. 


Organic Controls 

The EPA proposed to control emissions of organics by using dioxi ' 
furan emissions as a surrogate measure of formation of organics. The pr 
posed rule indicated a concentration range and stipulated that a single lin ; 
would be promulgated in the final rule (EPA, 1989b). In finalizing th 
standard, EPA analyzed data generated at ten facilities. Emissions we 
below 10 nanograms (ng)/dscm at eight facilities, but concentrations of i 
to 29 ng/dscm were observed at two (EPA, 1991a). The final standard f 
MWC organic emissions is 30 ng/dscm, a level that EPA determined cou 
be consistently achieved. 

This standard generated some controversy during public comment. Firs 
there was concern whether dioxins and furans are suitable surrogates f( 
organic emissions. Second, the agency was proposing to measure tou 
concentrations of dioxins and furans, which does not account for diffe 
ences in toxicity among the different congeners and isomers. Third, tl 
methodology proposed for analyzing dioxin/furan concentrations was coi 
sidered inadequate for the task. 


Suitability as Surrogates, Measures of dioxins/furans were selected by ER 
as a surrogate for organic emissions for several reasons: 
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• Results of the 1987 risk assessment indicated that potential carcino- 
genic risk was predominantly due to the presence of dioxins/furans and no 
other organics (EPA, 1987d). 

• Carbon monoxide (CO) levels are indicators of incomplete combus- 
tion and the potential for formation of organics and dioxins/furans; rank 
order correlation of data from the 1987 MWC study indicated a positive 
relationship between these variables; thus EPA believes that CO limits, in 
addition to limits on dioxin/furan, would ensure complete combustion and 
minimal formation of organics (EPA, 1991a,b). 

• Data indicated that CO concentrations greater than 200 parts per 
million by volume (ppmv) are associated with uncontrolled formation of 
dioxins/furans (EPA, 1989b); because dioxin/furan emissions are tested only 
during an annual compliance test, CO limits serve as a continuous basis to 
determine if there are excessive dioxin/furan emissions. 

Total Dioxin Measurements. In the proposed rule, the agency noted that 
although it was theoretically possible to measure all components of flue 
gases, it would be very burdensome, expensive, and impractical to perform 
such analyses repeatedly (EPA, 1989b). Therefore, the agency relied on 
total dioxin levels as the best method of control. 

The International Toxicity Equivalency Factors (I-TEF) is an example 
of methods used to estimate relative toxicity of various dioxin and furan 
congeners and isomers (EPA, 1989c). Using the I-TEF concept, linear re- 
gression of emissions data obtained in the MWC study indicate that “mass 
emission measures based on either TCDD concentration or PCDD/PCDF 
concentration can be used as surrogates for toxic equivalency measures in 
analyses of PCDD and PCDF emissions” (EPA, 1987b). The EPA used 
these data to justify application of total dioxin measurements. In addition, 
EPA based its decision on information that there was no demonstrated method 
to control emissions of various isomers selectively. The agency also indi- 
cated that allowances would be necessary for differences in TEF values 
used by different agencies and for emerging new information (EPA, 1991a). 
In addition, EPA considered it inappropriate to use toxic equivalency as a 
basis for a standard developed under Section 111. 

. emission limits for total dioxin/furans reflect the achievable perfor- 
mance levels of specific types of control technologies, and are not derived 
from any target levels of health risks (EPA, 1991a, p. 5504). 

Analytical Methodology. Comments on the proposed rule expressed con- 
cern about EPA’s choice of an analytical method to detect dioxins. The 
method was believed to be inaccurate and result in overly high concentra- 
tions for particular congeners. Without evaluating new information, EPA 
maintained its provision to require Analytical Method 23 and asserted that it 
was adequate to determine compliance with the standard (EPA, 1991b). 
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Nitrogen Oxides 

The agency based its decision to promulgate a standard for NO < nis- 
sions on information about the availability of technology, the projected ipid 
growth of new facilities, and the fact that control costs for this pollutai are 
not unreasonable. Furthermore, Section 129 of the 1990 CAA Amendr mts 
requires EPA to regulate emissions at new and existing facilities. Then ore, 
because BDT exists for NO^ control, limits were established (EPA, 19' [b) 

The EPA initially proposed a range for NO^ emissions. Follo’win] the 
proposal, the agency evaluated extensive continuous monitoring data fr n a 
grate-fired mass burn facility with Thermal DeNOx controls. The PA 
concluded that a single numerical limit could be consistently achieved, ata 
from 35 other facilities, representing different types of combustion tecl ol- 
ogy, supported this conclusion (EPA, 1991b). The EPA also believed hat 
some designs might even meet the standard without add-on control ( ,g., 
water-cooled rotary mass burn MWC). 

A conmoversy emerged during public comment about whether selet ive 
noncatalytic reduction (SNCR) is a demonstrated, developing, or exj ri- 
mental technology. At that time, the only NOj^ controls in use were at t 'ee 
facilides, and opponents contended that data from three facilities did lot 
constitute best demonstrated technology. The agency responded that S> 3R 
had been in use since 1987 and that available data were sufficient to es ib- 
lish this technology as BDT (EPA, 1991b). 

Issues about potential toxicity of a detached ammonium chloride pli ne 
observed when SNCR is used were raised by commenters. The EPA c es 
not consider ammonium chloride emissions to be environmentally sigi fi- 
cant, in addition, it contends that formation can be controlled with prc ler 
operation. 


Materials Separation 

In contrast to the extensive application of scientific and technical c ta 
used by EPA in formulating the other provisions of the proposed and fi al 
NSPS, the proposed materials separation requirement was developed in le 
absence of supporting scientific or technical information. Inclusion of i is 
requirement was driven by internal political considerations. The del te 
concerning a materials separation requirement is discussed at length h re 
because it is the most dramatic example of a conflict between politi al 
desires and supporting scientific, technical, and economic information. 

Rationale for Proposed Requirement 

The materials separation provision mandated separation and removal if 
certain materials from municipal waste streams before combustion. Un ;r 
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the proposed rule, an MWC facility’s NSPS operating permit would include 
a specific requirement that 25 percent (by weight) of waste received at the 
permitted facility must be diverted from the combustion process. If at any 
time during the permit life, this diversion requirement was not met, the 
facility would not be in compliance with the permit. The EPA’s justificatmn 
for this provision followed two lines of reasoning (EPA, 1989b). The first 
line incorporated a belief that: 


. Most separated materials could be recycled, thereby preserving natu- 
ral resources, reducing volumes of waste to be landfilled, and potentially 
providing communities with income from these recycling activities to par- 
tially offset MWC operational costs; and 

• Reducing the amount of waste combusted would reduce both total 

MWC emissions and those of specific constituents. 


The second line of reasoning indicated that certain environmental ben- 
efits could result from implementation of the provision (EPA, 1989b). For 
example, separating paper and paperboard would. 


• Reduce specific metal emissions because lead-based inks and mer- 
cury-based fungicides would not be burned; 

. Lower carbon dioxide emissions because less material would be available 
for combustion; 

• Preserve forestry resources by recycling paper products; 

. Reduce HCl emissions by removing bleached paper; and 

. Reduce SO^ emissions by removing combustion of sulfur-laden pa- 
perboard. 

Furthermore, EPA suggested that reduced combustion of paper would 
result in the downsizing of MWC units because lower volumes of waste 
would require incineration (EPA, 1989b). However, the agency provided no 
information to support the concept that downsizing of facilities would result 
in an environmental benefit. 


Scientific and Technical Data 

iggO report Municipal Waste Combustion: Background Infoima 
tionfor Materials Separation presented EPA’s evaluation of data to support 
its claims about reduced emissions associated with materials separation (E , 
1990). Emissions monitoring data for several constituents were presented 
including data for total metals, mercury, lead, dioxins and 
yard waste. These data were derived from three mass bum facilities located 
in Nashville, Tennessee; Salem, Virginia; and Gallatin, Tennessee. Emis- 
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Sion samples were collected upstream from pollution control devices to 
represent uncontrolled emissions and did not reflect concentrations or ouan 
titles emitted from the stacks. Data were analyzed on the basis of the total 
amount of waste processed, not the amount burned. These data did not 
demonstrate that a consistent reduction in MWC emissions would be achieved 
Table 2 shows the range of variability in EPA’s data for compound- 
specific emissions. For example, lead concentrations following materials 
separation varied from a decrease in emissions of 52 percent to an increase 
of 5 percent over baseline emissions. More startling, carbon monoxide 

levels ranged from a decline of 65 percent to an increase of 468 percent 
over baseline emissions (EPA, 1990). percent 

th^ proposal, EPA acknowledged this lack of consistency in 

?e iT H ^ as the problems inherent in 

Ae bas c study design. For example, data representing emissions when 
waste streams were not separated and those representing separated wasted 
streams were collected months apart at a single facility without any control 
for vanations in the types of wastes collected. In addition, data for nonseparated 
and separated wastes were not always collected from the same fLility 

Such collection practices undoubtedly contributed significantly to observed 
variations in emissions. ^ ouserved 

The result of this data collection effort was that EPA could not provide 

rKr® •'■e impact of materials sepwafc' 

on MWC emissions (EPA, 1990). For example: ^ 


S^Mion ^"'‘“iO" Cittmges Associated with Materials 


Pollutant 

Range of Change 
(percent) 

Particulates 

+20 


Arsenic 

-70 - 

-5 

Cadmium 

-73 - 

-22 

Chromium 

-63 - 

+68 

Lead 

-52 - 

+5 

Mercury 

-71 - 

+260 

Carbon monoxide 

-65 - 

+468 

Nitrogen oxides 

-42 - 

+8 

Sulfur dioxide 

-1 - 

+11 

Hydrogen chloride 

-79 - 

+17 

Total hydrocarbons 

-74 - 

+214 

SOURCE: Adapted from EPA (1990). 
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• Levels of dioxins/furans appeared to be unaffected by the removal of 
polyvinyl chloride from combusted waste; HCl emission levels appeared to 
be correlated with this removal. 

• The EPA acknowledged that “there are no data to demonstrate what 
quantity of mercury, cadmium, or other metal emissions from MWCs are 
due specifically to the combustion of batteries.” The actual impact of re- 
moving metals before combustion could be quite small, given that all new 
facilities must have highly efficient air pollution controls. 

• Removal of over half of the total lead content from waste, on aver- 
age, did not provide consistent net reductions in lead emissions. 

• The agency acknowledged that “[n]o data are available on the posi- 
tive or negative effects of paper separation on MWC emissions.” 

• The EPA could only speculate that removal of yard waste would 
result in reduced NO^ emissions; the basis of this speculation was that 
higher NO^ concentrations are observed in summer, when the waste stream 
contains more yard waste. 

Nevertheless, EPA ignored the lack of consistent evidence to support its 
theory on the environmental benefits of materials separation and persisted 
in including a materials separation requirement in the proposed rule (EPA, 
1989b). 


Political Debate Concerning Materials Separation 

Although all stakeholders in the final rule for new source performance 
standards have been extremely supportive of recycling programs, many of 
them opposed requiring materials separation as a component of MWC per- 
mits. These latter included state and local governments, the MWC industry, 
and particular offices within the executive branch. Only environmental 
groups expressed strong support for continued inclusion of this provision. 
The comments made by these groups are summarized in the following sec- 
tions to illustrate the different perspectives of all stakeholders and the type 
of new information uncovered during the public comment period. 

The “influencing factors” in this debate were concerns about legal au- 
thority, lack of evidence that the requirement could be implemented, and 
lack of evidence that emissions could be consistently reduced. The core 
argument against the provision, however, was a concern that a better mecha- 
nism for initiating recycling programs existed, that is, the regulatory pro- 
gram for new source performance standards — which is aimed at preventing 
air pollution — was not an appropriate vehicle to mandate community recy- 
cling programs. The EPA never fully explored any other mechanisms and 
made little, if any, effort to obtain information about actual coexistence of 
MWC facilities and community recycling programs. 
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the typfof iXri'n" tlVshouSf 

materials separation (IWSA decision aboi 

programs and MWC combustion arl' indicated that recyclir 

ties and coexist without re?nlatn t^°mpatible waste management activ 
operating permits For examnli^ requirements being included in MW' 

goal. These reiycSg “fj” “ P““' 
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programs without mandarino ■ develop successful recyclin; 
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concerns about quantifying and certifying materials separation rates. They 
questioned whether there are methods that can provide consistent defini- 
tions for quantifying baseline levels and subsequent reductions. If these 
methods are not available, documentation of compliance with a materials 
separation standard is not possible (Nosenchuck and Bruckner, 1990; Walsh, 
1990). 

Environmental Groups, Environmental groups were extremely supportive 
of all aspects of the materials separation provision and raised two issues in 
their comments on the proposal (Hershkowitz, 1990; Martineau, 1990b; Ruston, 
1990). First, they suggested that the presence of metals can catalyze forma- 
tion of dioxins/furans; however, no supporting data were provided. Second, 
they suggested that removing chlorinated plastics would reduce emission 
levels for HCl and dioxins/furans, again without including any supporting 
documentation. Additional benefits of materials separation cited by the 
Natural Resources Defense Council included (Doniger, 1990): 

• Reduction in air pollution by burning less waste and removing items 
that may produce toxic emissions; 

• Savings of millions of barrels of imported oil; and 

• Reduction in future incineration ash landfill capacities. 

Information with which to evaluate these claimed benefits, however, 
was not available. 

MWC Industry, Representatives of the MWC industry echoed state and 
local government concerns about the lack of data demonstrating reduced 
emissions. They also questioned the legal authority of using the CAA to 
regulate materials separation and recycling. Industry believed that existing 
or new RCRA authority or a presidential recycling initiative would be more 
appropriate vehicles for increasing national recycling efforts (Institute of 
Resource Recovery, 1990; Martineau, 1990c). 

Executive Branch. Within the executive branch, there also was a lack of 
agreement with EPA regarding anticipated benefits of the materials separa- 
tion provision. The Council of Economic Advisers argued that EPA failed 
to establish evidence that separating materials would result in air pollution 
benefits. It is also noted that, as proposed, the materials separation require- 
ment constituted a goal of the new source performance standards, not a tool 
that operators could use to meet a performance standard (Gruenspecht, 1990). 

The President’s Council of Competitiveness (PCC) joined the debate on 
this issue. In correspondence, the Council (PCC, 1990) affirmed its support 
for voluntary and market-based recycling programs. The Council expressed 
full support for stringent new standards for air emissions as required in the 
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new source performance standards. However, it considered a materials 
separation provision to be inconsistent with the administration’s regulatory 
principles. The Council’s reasons for this position included: 

• The materials separation requirement was not performance based, 
because it did not allow flexibility to select the most efficient ways for 
meeting the standard; 

• A nationwide, uniform requirement violated the Federalism Execu- 
tive Order (E.O. 12612), which required agencies to avoid federal regula- 
tions in areas reserved for state and local governments; and 

• Benefits of this requirement did not exceed costs of implementing 
the program, thus failing to meet the criterion of E.O. 12291. 

In response to these public comments, EPA stated in the preamble to 
the final rule that achievability was not an issue in its decision to remove 
the materials separation requirement. Rather, because of uncertainty over 
the net benefits of materials separation (i.e., reductions in pollutant emis- 
sions) and the potential economic impacts of the requirement, the decision 
was made not to include the provision in the final NSPS rule (EPA, 1991a). 
The agency clarified its opinion that emission benefits would result from 
reducing the amount of waste combusted, but acknowledged that these ben- 
efits could not be measured (EPA, 1991b). 

OBSERVATIONS ABOUT THE USE OF INFORMATION 

As indicated earlier, a regulatory agency has two stages at which it can 
apply current scientific and technological information in the regulatory pro- 
cess. The first stage is deciding whether a federal regulatory program is 
necessary. The second stage is development of proposed and final rules. 
The information available to an agency can be obtained from published 
literature, commissioned studies, or supplied by the regulated community. 

In the case of MWC, EPA was not consistent in its use of information. 
In making a decision that federal new source performance standards were 
needed for municipal waste combustion, the agency actually ignored exist- 
ing information about the potential risks associated with emissions from 
these facilities and about the sophistication of the technology being re- 
quired under the PSD program. Unfortunately, the agency also ignored 
scientific data when it proposed a materials separation provision. However, 
EPA did use a range of technical and scientific information in proposing 
standards for air pollution controls. Although scientific, technical, and eco- 
nomic information relevant to all aspects of the regulatory process was 
available to the agency staff, there is clear evidence that political forces 
influenced decisions about the scope of the regulatory program. 
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Findings of this case study indicate that: 

• Scientific, economic, and technical data related to regulatory deci- 
sions are necessary to balance political considerations; to counter political 
influences effectively the agency must have comprehensive and sound data 
at its disposal. 

• Perspectives of governments about the use of these types of infor- 
mation vary among federal, state, and local officials and depend on the 
strength of political influence. 

• Incentives for identifying new information also vary among the stake- 
holders in a regulatory process. 

We would emphasize, however, that these findings presuppose that the 
agency is prepared to take a leadership role in opposing the political forces 
internal and external to it when available scientific, technical, and economic 
information indicates no justification for a specific political position. Un- 
fortunately, there is little evidence to date that EPA can, or is willing, to be 
a strong leader against political tides. 

Science versus Politics 

In reaching an initial decision to proceed with a federal regulatory pro- 
gram for municipal waste combustion (i.e., giving this activity priority over 
development of regulations for other sources), EPA ignored available scien- 
tific and technical information. For example: 

• Available information clearly indicated that permits issued by states 
and local regulatory agencies for construction and operation of new MWC 
facilities required installation of the best demonstrated technology and op- 
erating practices. 

• These requirements had received limited opposition from industry 
and considerable support from host communities. 

• Despite local concerns, there was no evidence to conclude that new 
facilities with state-of-the-art pollution control technology actually posed 
unacceptable risks to host communities or the surrounding environment. 
The EPA’s own assessments indicated that risks associated with operation of 
these facilities were acceptable. 

• No evidence existed to suggest that emissions from new MWC facili- 
ties would constitute a major national public health threat. 

The EPA relied only on a contracted study that was narrowly focused 
on MWC practices. The Agency made no attempt to generate or compile 
more comprehensive data, for example, current relationships of recycling 
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new source performance standards. However, it considered a materials 
separation provision to be inconsistent with the administration’s regulatory 
principles. The Council’s reasons for this position included: 

• The materials separation requirement was not performance based, 
because it did not allow flexibility to select the most efficient ways for 
meeting the standard; 

• A nationwide, uniform requirement violated the Federalism Execu- 
tive Order (E.O. 12612), which required agencies to avoid federal regula- 
tions in areas reserved for state and local governments; and 

Benefits of this requirement did not exceed costs of implementing 
the program, thus failing to meet the criterion of E.O. 12291. 

In response to these public comments, EPA stated in the preamble to 
the final rule that achiev ability was not an issue in its decision to remove 
the materials separation requirement. Rather, because of uncertainty over 
the net benefits of materials separation (i.e., reductions in pollutant emis- 
sions) and the potential economic impacts of the requirement, the decision 
was made not to include the provision in the final NSPS rule (EPA, 1991a). 
The agency clarified its opinion that emission benefits would result from 
reducing the amount of waste combusted, but acknowledged that these ben- 
efits could not be measured (EPA, 1991b). 

OBSERVATIONS ABOUT THE USE OF INFORMATION 

As indicated earlier, a regulatory agency has two stages at which it can 
apply current scientific and technological information in the regulatory pro- 
cess. The first stage is deciding whether a federal regulatory program is 
necessary. The second stage is development of proposed and final rules. 
The information available to an agency can be obtained from published 
literature, commissioned studies, or supplied by the regulated community. 

In the case of MWC, EPA was not consistent in its use of information. 
In making a decision that federal new source performance standards were 
needed for municipal waste combustion, the agency actually ignored exist- 
ing information about the potential risks associated with emissions from 
these facilities and about the sophistication of the technology being re- 
quired under the PSD program. Unfortunately, the agency also ignored 
scientific data when it proposed a materials separation provision. However, 
EPA did use a range of technical and scientific information in proposing 
standards for air pollution controls. Although scientific, technical, and eco- 
nomic information relevant to all aspects of the regulatory process was 
available to the agency staff, there is clear evidence that political forces 
influenced decisions about the scope of the regulatory program. 
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strength of political influence. 
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We would emphasize, however, that these findings presuppose that the 
agency is prepared to take a leadership role in opposing the political forces 
internal and external to it when available scientific, technical, and economic 
information indicates no justification for a specific political position. Un- 
fortunately, there is little evidence to date that EPA can, or is willing, to be 
a strong leader against political tides. 
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In reaching an initial decision to proceed with a federal regulatory pro- 
gram for municipal waste combustion (i.e., giving this activity priority over 
development of regulations for other sources), EPA ignored available scien- 
tific and technical information. For example: 

• Available information clearly indicated that permits issued by states 
and local regulatory agencies for construction and operation of new MWC 
facilities required installation of the best demonstrated technology and op- 
erating practices. 

• These requirements had received limited opposition from industry 
and considerable support from host communities. 

• Despite local concerns, there was no evidence to conclude that new 
facilities with state-of-the-art pollution control technology actually posed 
unacceptable risks to host communities or the surrounding environment. 
The EPA’s own assessments indicated that risks associated with operation of 
these facilities were acceptable. 

• No evidence existed to suggest that emissions from new MWC facili- 
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The EPA relied only on a contracted study that was narrowly focused 
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more comprehensive data, for example, current relationships of recycling 


128 


SUELLEN W. PIRAGES AND JASON E. JOHNSTON 


programs with MWC and comparisons of MWC emissions and risks within 
a national environmental context. In some instances, EPA ignored existing 
information, such as results of agency risk assessments. 

Throughout the history of political actions related to MWC, EPA has 
lacked control of its agenda. In developing this rule, the agency was at the 
“mercy” of political forces from within and from outside. The use of any 
scientific or technical data took second place to these political forces. 

However, the political factors surrounding MWC were conflicting in 
nature. Concern about management of solid waste began to gain momen- 
tum at this time. Landfill space was becoming scarce. Municipal wastes 
were being transported across state boundaries for disposal. The desire of 
communities to use incineration was increasing. In contrast, there also was 
growing dissatisfaction with the lack of pollution controls on existing mu- 
nicipal waste facilities. Supporters of recycling and waste reduction pro- 
grams were becoming increasingly concerned that construction of new MWC 
capacity would have a detrimental impact on new recycling and reduction 
efforts. In this political climate, the agency did not have the internal com- 
mitment to make decisions based on scientific and technical information. 

The second point at which EPA ignored science and technology was in 
its decision to propose a materials separation requirement as part of a facil- 
ity permit. At the time of development of the proposed rule, no data existed 
to support a claim that separation of materials would reduce toxic emis- 
sions. Agency staff have suggested that newly appointed EPA decision 
makers wanted to use a major rule to illustrate its commitment to recycling 
and reduction programs for solid waste management. Technical staff at 
EPA had no means to balance this internal political goal. 

While politics shaped this part of the proposed standards, politics also 
led to the elimination of the materials separation provision in the final rule. 
Only through the intervention of offices in the executive branch was the 
internal agency conflict resolved. This political influence, combined even- 
tually with an acknowledgement by EPA of the insufficiency of the data, 
resulted in the withdrawal of the materials separation requirements. With- 
out strong political backing, however, scientific and technical information 
about the inadvisability of the provision would have continued to be ig- 
nored. 


Different Governmental Perspectives 

Our findings suggest that the type of technical and scientific informa- 
tion used may be different at each level of government. However, it is clear 
that decisions about the need for a regulatory program are dictated by po- 
litical forces regardless of the jurisdiction. Once a need has been estab- 
lished, the range of stringency in regulatory requirements may differ. For 
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example, local regulatory agencies have the most to gain by seeking and 
requiring stringent air pollution controls and the highest standards for op- 
eration of facilities, regardless of actual risks associated with these facili- 
ties. 

Local agencies and political leaders are responsible for meeting the 
waste management needs of their community and must have the community ’s 
support in any action aimed at addressing these needs. Without applying 
the best available technology, communities in which these facilities are to 
be sited do not give this support. In addition, local site conditions and 
specific community demands are driving forces behind implementation of 
most standards for pollution control at MWC facilities. As a result, local 
environmental agencies have a major incentive to identify new data and 
information about risks, demonstrated technology, and implementation costs. 
This information enhances the credibility of the local agency’s choice for 
regulatory requirements. 

At the state level, it appears that there may be less urgency than that 
perceived at the local level. Waste management is not the responsibility of 
state agencies; however, protection of public health, broadly defined, is. 
State agencies must evaluate all conditions within their jurisdiction to deter- 
mine feasible and cost-effective protection throughout their state. There- 
fore, the need to specify a level playing field through state requirements for 
MWC must be balanced with a need for communities to be able to make 
potentially difficult waste management choices. 

The federal perspective must be even more broadly defined than that of 
the state. The EPA must develop standards that can be implemented at a 
national level but do not constrain local options for waste management. If 
national regulations are overly stringent, some communities could be pre- 
cluded from using MWC as a viable alternative to other management op- 
tions. However, the federal agency must also balance this need for state and 
local flexibility with a need to maximize protection of public health and the 
environment, both within and among states. 

Thus, there are different perspectives among federal, state, and local 
governments when it comes to promulgating regulations. State and local 
officials can identify the most appropriate and often most stringent require- 
ments on a case-by-case basis. Differences among facilities and locations 
might be justified. A federal regulatory program, however, must promulgate 
national standards; therefore, case-by-case analysis is not appropriate. For 
most regulatory programs, rules based on best demonstrated technology at 
the federal level constitute the “best that can consistently and easily be 
achieved.” There is necessarily a need to “average” these requirements to 
provide maximum national protection at reasonable costs. If state and local 
environmental programs are given responsibility (with federal guidance), 
then facility requirements can be as stringent as local conditions make nec- 
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essary. Given the extent of public scrutiny of MWC activities, it is unlikely 
that minimal health and environmental protection will be imposed in host 
communities. 


Incentives for Seeking New Information 

Incentives for seeking new information vary throughout the regulatory 
process and among the various stakeholders. The basis of the Clean Air 
Act, that is, implementation of technological and operational standards, should 
provide maximum incentives for EPA to seek out the best available informa- 
tion. To a limited extent, the agency did seek new information during the 
initial stages of evaluating MWC by commissioning a large multifaceted 
study. However, once political factors begin to intrude, new information 
either was not sought or was ignored. For example, the risk evaluations 
performed in 1987 and 1989 suggested that MWC did not pose major risks 
at either a national or local level. The EPA did not use this information as a 
means of balancing political pressure and, thus, had little influence on the 
decision about the need for a regulatory program. 

A major incentive for regulators in seeking comprehensive and new 
information is to enhance their credibility and the enforceability of a regula- 
tory program. The materials separation requirement in the proposed rule is 
an excellent example of the influence of limited and less credible data. 
Acceptance by state and local governments and industry was not forthcom- 
ing because inclusion of this provision was not based on sufficient support- 
ing data. If the agency had used scientific and technical information in 
reaching its decision about the advisability of the provision, a major contro- 
versy in the development of the NSPS rule might have been avoided. Un- 
fortunately, political pressures forced it to ignore such information. Should 
the agency desire to revisit a materials separation requirement in other rules 
or in future revisions to this rule, it will be necessary to seek appropriate 
data to support assumptions about the reduction in air emissions associated 
with materials separation and the impact on public health and the environ- 
ment. 

The CAA itself inhibits to some extent the incentive to identify new 
data about new and cutting-edge technological innovations. The act specifi- 
cally requires a standard of performance that is defined as the 

best system of emission reduction which (taking into account the cost of 

achieving such reduction . . .) the Administrator determines has been ade- 
quately demonstrated [CAA 42 USC 7411, Section 111(a)]. 

If a technology has not been used sufficiently to demonstrate consistent 
emission reductions, it is unlikely to be considered “demonstrated” because 
there is no opportunity for the agency to search beyond systems currently in 
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operation. Statutes such as the CAA result in the development of techno- 
logically driven regulations. By specifying consistent achievements as the 
definition of performance, EPA can only look at those technologies used at 
existing facilities. The agency cannot promulgate technology-forcing regu- 
lations — ^those that force development of new technologies capable of achieving 
emissions standards beyond what is possible with current technology — un- 
der the CAA. To some extent the agency does attempt to force new tech- 
nologies by setting standards at the upper bound of margins of achiev ability. 
However, the definition of BDT limits this option. 

Industry also has limited incentives to develop new technology. In 
conversations with industry representatives, it was emphasized that indus- 
trial incentives for technological improvements in air pollution or opera- 
tional control systems are to reduce operation and compliance costs.® Re- 
duced emissions may be an added benefit of any cost reduction, but they are 
not the primary goal of new technical research. If a new technology can 
reduce emissions but is more costly to operate, industry would be less likely 
to implement it voluntarily. Until all facility operators are required through 
rulemaking to install the same, more costly equipment, such voluntary ac- 
tions place operators with more advanced thinking at an economic disad- 
vantage. The main reason that there was so little opposition to most of the 
provisions in the proposed new source performance standards is that most 
new facilities were already being required to implement the equipment and 
practices recognized as BDT in the proposed rule. Thus, the rule simply 
equalized the playing field within the regulated community. 

Environmental groups probably have the greatest incentive to seek new 
information. In general, the agenda of these groups is to drive regulations 
to ever more stringent levels in a desire to maximize protection of public 
health and the environment. These groups often are not constrained by 
concerns for technical feasibility or economic factors. Therefore, they can 
identify new developments before a technology is considered to be techni- 
cally or economically viable. Unfortunately, these groups may become so 
focused on a perceived need for more stringent requirements that they may 
not support their allegations about technical feasibility or risks posed by 
unregulated facilities with sound scientific and technical information. 

CONCLUSIONS 

The environmental regulatory agenda has always been shaped by politi- 
cal forces. Since the inception of EPA in 1970, Congress, industry, and 
public interest groups have identified various industrial activities thought to 
require a regulatory program. For example, in the early 1970s, Congress 
seemed to identify a different pollutant every year, which, in its opinion (or 
the opinion of a few members), would lead to dire public health and envi- 
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ronmental problems without the immediate and rigorous attention of EPA. 
Industry and environmental groups often were sources of information that 
supported such urgency. Environmental and other public interest groups 
also have used specific environmental is-sues to further membership drives 
or to force a change in national policy, for example, the recent Alar contro- 
versy. Likewise, industry has lobbied Congress and EPA for regulatory 
programs that would provide more uniform regulations across the country, 
thus preventing uneven economic advantages or enhancing the ability to 
implement better technology. 

In all such instances, regardless of the origination of an initiative, we 
are left with the impression that scientific and technical information rarely 
plays a determining role in the debates. Unfortunately, all stakeholders 
attempt to limit full use of scientific and technical information in the regu- 
latory decision-making process, particularly if the information is counter to 
the stakeholder’s agenda. 

The outcome of this political struggle is an increased likelihood that 
significant problems, and important scientific data, are ignored. This point 
has been emphasized by the Expert Panel on the Role of Science at EPA 
(EPA, 1992). The panel stated in its report: 

Science is also key to determining which environmental problems pose the 
greatest risks to human health, ecosystems, and the economy. In the ab- 
sence of sound scientific information, it is likely that high-profile but low 
risk problems will be targeted, while more significant threats are ignored. . 

. . Strong science provides the foundation for credible environmental deci- 
sionmaking (EPA, 1992, p. 15-25). 

There is no question that politics both shaped the decision about whether 
a federal regulatory program was necessary for MWC and influenced provi- 
sions in the proposed and final new source performance standards. Whether, 
and how, such political forces can be curbed is questionable and may not be 
altogether desirable. However, based on the findings of this case study, 
certain suggestions emerge that may facilitate a better balance between po- 
litical considerations and use of scientific, technical, and economic infor- 
mation in the regulatory decision-making process. 

First, politics should be balanced with scientific, economic and tech- 
nical information. In this case study, EPA evaluated such information 
related to MWC and published its findings in the 1987 report to Congress. 
However, the agency evaluated MWC as a single issue divorced from the 
broader national environmental context. Thus, while the agency estimated 
emissions from existing and projected facilities, it is not apparent that 
these emissions were compared with other industrial sources to determine 
their significance from a national perspective. Similarly, when the risks 
from exposure to these emissions were calculated, they were not compared 
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with risks associated with other sources of these same chemicals and met- 
als. 

The EPA’s economic analysis also failed to put the MWC issue into a 
national context. The agency considered costs for controlling emissions 
only. There was no attempt to compare costs of the federal program in 
broad terms with national environmental and public health benefits. The 
EPA should conduct a cost-benefit analysis using several competing envi- 
ronmental issues to determine if a specific problem (i.e., MWC) merits a 
federal program or whether there are alternative and less costly regulatory 
options. 

Analysis of the relative national priority, evaluating consequences of 
not having a federal program, the cost of a federal program, and other 
problems competing for limited resources may result in a more effective 
balance of political pressure. A stronger foundation for balancing political 
influences might have been achieved if EPA had conducted such analyses 
when reaching a decision about the need for a federal MWC regulatory 
program. As it turned out, EPA staff had little real information with which 
to counter effectively the political pressures being brought to the MWC 
debate. 

A second recommendation concerns a mechanism to enhance the qual- 
ity of information available to the agency for use in developing regulatory 
requirements. Both government and industry agree that, for the most part, 
EPA used available information in formulating the proposed and final rules 
for new source performance standards. As indicated in an earlier discus- 
sion, the standards are largely based on the technological capability of the 
best demonstrated technology. However, conversations with EPA officials 
indicate that the information-gathering process might be enhanced (per- 
sonal communication with R. Brenner and J. Democker, EPA Office of Air 
and Radiation, 1992). At present, EPA believes that stakeholders are play- 
ing a passive role in the agency’s search for necessary information. Only m 
limited instances do stakeholders voluntarily provide information before a 
rule is proposed. Much information often appears to be withheld until the 
public comment period for a proposed rule. 

Furthermore, state and local governments, environmental groups, and 
industry often complain that information used by the agency is not always 
of the highest quality. This complaint is supported by an observation of the 
Expert Panel on the Role of Science in EPA: 

EPA program offices often conduct scoping studies or other preliminary 
assessments in the early stages of regulatory development. These studies 
are frequently carried out without benefit of peer review or quality assur- 
ance. They sometimes escalate into regulatory proposals with no further 
science input, leaving EPA initiatives on shaky scientific ground and af- 
fecting the credibility of the Agency (EPA, 1992, p. 37). 
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The EPA did conduct a large-scale study of MWC. However, to our 
knowledge, with the exception of an EPA Science Advisory Board review of 
only the methodology used in the risk assessment work, it was not peer 
reviewed (Hartung and Nelson, 1987). During development of a proposed 
standard, the only opportunity for any interested party to provide EPA with 
better information is to provide data informally and voluntarily. The extent 
and quality of information provided in this manner depends on the aware- 
ness of different stakeholders about directions the agency may take, or is 
taking, in developing a proposed rule. In general, EPA provides limited 
information about policy choices while a proposed rule is being developed, 
thus stakeholders are not always aware of gaps in the agency data base. 
Once a rule is published for public comment, additional information can be 
forthcoming, and EPA can apply it in revisions for the final rule. This 
seems to be an inefficient process that fosters adversarial positions rather 
than constructive comments. 

A more effective mechanism is needed through which the agency can 
request and receive new information during development of a proposed rule, 
rather than waiting to receive information submitted voluntarily or during 
the public comment period. The Expert Panel on the Role of Science has 
provided extensive suggestions for enhancing the use of better information 
(EPA, 1992). 

An additional recommendation is to employ regulatory negotiations or 
some version of these negotiations to enhance acquisition of better informa- 
tion. Regulatory negotiations have been used by EPA over the past five 
years in selected rulemaking to reduce adversarial reactions to proposed 
rules. The concept is to bring together representatives of all major interest 
groups for a specific rule and to develop a proposal to which all representa- 
tives can agree. Some of these negotiating attempts have been successful, 
resulting in proposed rules that enjoyed the consensus of all stakeholders. 
However, even when an acceptable proposal is not negotiated, there is still 
some success in terms of the amount of scientific and technical information 
that is brought into the negotiation process early. 

To illustrate, a regulatory negotiation was attempted in developing RCRA 
regulations for deep-well injection of hazardous wastes.’^ Because of philo- 
sophical differences among the various interests at the negotiation table, 
consensus on a proposed rule was not achieved. However, most partici- 
pants in this particular process acknowledged that a wealth of information 
was brought to the agency’s attention. In the absence of these regulatory 
negotiations, it is questionable whether the full extent of pertinent informa- 
tion would have been presented through the normal voluntary mechanisms. 

One reason that there is an increase in the volume of new information 
provided during such negotiations is that all participants are able to learn 
firsthand the basis for any opposing views. Thus, new information relevant 
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to specific issues can be brought to the negotiating table as a counter to 
such objections. If negotiations were to become a standard component of a 
regulatory process, stakeholders would have a more controlled and focused 
opportunity to provide EPA with information in an atmosphere of coopera- 
tion. In addition, the quality and direct relevance of the scientific and 
technical information might be substantially enhanced. The ultimate result 
would be a stronger foundation for the development of scientifically and 
technically sound regulations. 

As our findings suggest, EPA can benefit from implementing a process 
that enhances not only the quality of data collected but also the range of 
information. If informed regulatory decisions are to be made, current scien- 
tific and technical information is needed to balance political influences. At 
the first stage of the regulatory process, this information must be evaluated 
in a national context. At the second stage of regulatory development, the 
scope of information must be sufficiently broad to allow development of 
sound, achievable, and enforceable regulatory standards. 

While these recommended options offer other mechanisms for enhanc- 
ing the availability of new scientific and technical information to the agency, 
they do not address the underlying and extremely critical problem inherent 
in a regulatory process: the influence of political factions to the exclusion 
of scientific and technical information. The MWC rule for new source 
performance standards is not unique in the role that politics played in deter- 
mining the need for and the scope of the regulatory program. Politics have 
“interfered” in many of the agency’s activities. Such political pressure 
arises externally and internally to EPA. Until political factors are placed on 
an equal, rather than superior, footing with scientific, economic, and techni- 
cal factors, EPA— and all regulatory agencies — will not be able to function 
effectively. Unfortunately, the resolution of this problem is not simple and 
will require a commitment on the part of all stakeholders to allow such 
information to play a more prominent role. 


APPENDIX: 

DESCRIPTIONS OF AIR POLLUTION CONTROLS 
Electrostatic Precipitators 

Electrostatic precipitators (ESPs) are used to remove particulate matter 
from flue gas streams. A typical ESP consists of an alternating array of 
negatively charged grids of wires and positively charged collection plates. 
Incoming particles are given an electrical charge through contact with gas 
ions. Charged particles pass through a strong electronic field, which causes 
these particles to migrate to a collection electrode with an opposite charge. 
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The precipitators are divided into sections called fields; adding fields in- 
creases the collection efficiency (Frillici and Schwartz, 1991). 


Fabric Filters 

Fabric filters (FFs) mechanically separate particles from flue gas streams, 
achieving greater than 99 percent removal (Gaige and Halil, 1992). They 
consist of a filter medium, (i.e., tubular bag), a cage to support the bags, a 
gas-tight enclosure, and a mechanism to remove accumulated particles peri- 
odically. As the particulate-laden gas passes through the filter medium, 
collected material forms a porous cake, which acts as an additional filtration 
medium. Fabric filters are categorized according to how they are cleaned: 
shaker, reverse-air, and pulse-jet. The fabric of the filters may either be 
woven or felted and may consist of fiberglass. Teflon or Nomex, which will 
withstand entering flue gas temperatures of up to SOO'^F (Frillici and Schwarz, 
1991). 


Acid Gas Scrubbers 

Acid gas scrubbers operate by bringing acid gases into contact with 
alkali reagents, forming a neutralized salt solid that can be removed by 
ESPs or FFs. Acid gas scrubbers are categorized as wet scrubbers, dry 
scrubbers, or wet-dry scrubbers. Wet scrubbers use lime, limestone, or an 
alkali reagent and produce a wet bottom catch; their design might include 
venturi, spray, baffle, or packed tower. Dry scrubbers inject dry sorbent 
into the flue duct, resulting in a dry catch (Frillici and Schwartz, 1991). 

In wet-dry scrubbers, commonly referred to as spray dryer absorbers 
(SD), flue gas enters the reaction vessel, where it is dispersed and put into 
spiral motion. A water-based slurry of alkali reagent is sprayed into the 
flue gas stream; the water evaporates and the reagent reacts with SO 2 and 
HCl to form salts. Use of FFs in conjunction with an SD results in a cake 
where the reagent and gases can react further, increasing efficiency (Frillici 
and Schwartz, 1991; Gaige and Halil, 1992). 

Although acid gas scrubbers are intended primarily to remove HCl and 
SO 2 , they also remove some organic and heavy metal pollutants (Brna and 
Kilgore, 1991). Reduced flue gas temperatures associated with scrubbers 
cause many volatilized metals and organics to condense, thus increasing 
removal efficiencies in the ESP or FF (Gaige and Halil, 1992). 


Nitrogen Oxide Controls 

Two main add-on technologies are currently in use across the world: 
selective catalytic reduction (SCR) and selective noncatalytic reduction (SNCR). 
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SCR has been used on coal- and oil-fired power plants in Japan and 
Europe. Ammonia is injected into the flue gas stream and the mixture is 
then passed through a catalyst (molybdenum, vanadium, titanium) bed where 
NO^ are converted to nitrogen gas. SCR operates at temperatures ranging 
from 500 to SOOT. Fouling caused by high particulate loading limits the 
potential for application of this technology (Frillici and Schwartz, 1991). 

SNCR involves postcombustion injection of ammonia or urea to contact 
the flue gas. SNCR is most effective between 1600 and 2000°F, so the 
injectors are located in the upper portion of the furnace. The gas phase 
reaction between the NO^ and the injected ammonia or urea results in the 
production of nitrogen gas and water. Potential disadvantages include the 
difficulty of maintaining the optimal flue gas temperature in the injection 
zone. Also, ammonia may react with acid gases to form ammonia salts, 
which may corrode and foul downstream equipment or exit the stack as a 
visible plume (Frillici and Schwartz, 1991). 

NOTES 

1. We interviewed staff of particular MWC companies and the Integrated Waste Services 
Association, the trade association for the industry. Discussions were held with representatives 
of the U.S. Conference of Mayors and the Association of State and Territorial Solid Waste 
Management Officials. Staff of the EPA Office of Air and Radiation and Office of Air Quality 
Planning and Standards were interviewed. 

2. The first legislative action for Clean Air occurred in December 1963 (P.L. 88-206), and 
was amended eighteen times between 1963 and 1990. 

3. An acceptable risk range of lO'® to 10'^ was established by the Office of Solid Waste 
and Emergency Response for use in the Superfund Program during the mid-1980s. 

4. The following health parameters were used in Morrison (1989) for comparison with 
MWC emissions. HCl; EPA reference dose (RfD) of 7 gg/m^; Hg: National Emission Stan- 
dards for Hazardous Air Pollutants guideline of 1 [Jg/m^; and Pb: National Ambient Air Qual- 
ity Standards of 1.5 pg/m^ (quarterly average). 

5. The conflict between Congress and EPA over the initial proposal to develop health- 
based treatment standards for the 1984 HSWA provisions for land disposal restrictions un- 
doubtedly set a precedent for EPA’s decision about a basis for requesting MWC emissions. 

6. Personal conversations with representatives of Integrated Waste Services Association, 
Ogden Martin Systems, and ABB Resource Recovery Systems. 

7. Dr. Pirages was a participant in this regulatory negotiation. 
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Trihalomethanes and Other 
By-Products Formed by Chlorination 
of Drinking Water 


Philip C. Singer 


Chlorine has been used to disinfect drinking water in the United States 
and in most of the world since 1908. Its widespread use has been credited 
with the control of a number of waterborne diseases, most notably typhoid 
fever and cholera. However, with the discovery in 1974 of trihalomethanes 
(THMs) in chlorinated drinking water and, subsequently, other halogenated 
disinfection by-products with potential adverse health impacts, the practice 
of chlorination has been seriously questioned. Trihalomethanes in finished 
drinking water have been regulated in the United States since 1979 and the 
U.S. Environmental Protection Agency (EPA) is considering adopting more 
stringent regulations for THMs; it may also establish maximum contaminant 
levels or treatment techniques for several other disinfection by-products 
(DBPs). 

This paper reviews the scientific findings associated with the formation 
of THMs and other disinfection by-products and discusses how these find- 
ings have affected strategies for controlling these by-products in drinking 
water, and the corresponding improvement in the protection of public health. 
There are a number of confounding issues associated with the management 
and regulatory strategies for controlling THMs and the other disinfection 
by-products; these confounding factors are included in the discussion. 


CHRONOLOGY OF SCIENTIFIC FINDINGS 

Figure 1 presents a chronology of the more noteworthy scientific find- 
ings involving the formation of THMs and other disinfection by-products 
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generated during the treatment of drinking water. Trihalomethanes were 
first identified in finished drinking water in 1974, both in the Netherlands 
in Rotterdam (Rook, 1974) and in the United States in New Orleans, Louisi- 
ana (Bellar et al., 1974). Their presence was linked to the practice of 
chlorinating water. In 1975 the U.S. Environmental Protection Agency con- 
ducted the National Organics Reconnaissance Survey of 80 cities in the 
United States and found that the four THMs — chloroform (CHCI 3 ), bromo- 
dichloromethane (CHBrClj), dibromochloromethane (CHBr 2 Cl), and bromoform 
(CHBrj) — occurred widely in chlorinated drinking water and resulted from 
the practice of chlorination (Symons et al., 1975). Figure 2 shows that in 
the 80-city survey, total trihalome thane concentrations in the finished drink- 
ing water correlated with the nonpurgeable organic carbon concentrations in 
the raw water. From March 1976 to January 1977 the EPA conducted the 
National Organics Monitoring Survey, which verified the findings of the 
earlier survey, and demonstrated that THMs continued to form to a signifi- 
cant extent in the finished water distribution system (Brass et al., 1977). 



FIGURE 2 Relationship between trihalomethane formation in finished water and 
nonpurgeable organic carbon in source water. SOURCE: Symons et al. (1981). 
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Science and Engineering 


Policy and Regulation 


1970 


- THMs discovered in chlorinated drinking water 

* First of many epidemiological studies linking cancer 
and the consumption of chlorinated drinking water “ 

- EPA conducts National Organics — 

Reconnaissance Survey 

- National Cancer Institute identifies chloroform L 

as a carcinogen } 

' EPA conducts National Organics Monitorino 
Survey 

' Natural organic material (humic substances) 
identified as principal precursors of THMs 

- Di ■ and trichloroacetic acids identified from 

chlorination of natural organic material and in 
chlorinated drinking water. Other disinfection by- 
produrts identified, as well. Evidence that THMs 
comprise only a fraction of the total organic halides. 


-1975 


.L..-L 


1980 


• Di ' and trichloroactic acids identified as animal 
carcinogens 


- Congress legislates Safe Drinking Water Act 


- EPA issues advance notice of proposed rulemaking 
for organic chemicals in water 

' EPA proposes maximum contaminant level for total THMs 

- THMs regulated 


■ Utilities serving more than 75,000 people must comolv 
with THM rule 


1985 



• - Utilities serving from 10,000 to 75,000 must comolv 
with THM rule 

■ EPA proposes treatment techniques to comply with 
maximum contamiinant level for total THMs 

- Congress legislates SDWA amendments 

- EPA proposes Surface Water Treatment Rule 
“ EPA proposes Total Coliform Rule 

- AWWARF survey determines impact of THM 
regulation on water utilities 

- EPA finalizes Surface Water Treatment Rule 

- EPA finalizes Total Coliform Rule 

- EPA initiates approach to balance microbial 
risks and risks associated with disinfection 
by-products 

- EPA originally expected to establish maximum 
contaminant levels for additional disinfection by-products 
and more stringent maximum contaminant levels for THMs- 
proposed rule delayed until 1 993 

• EPA considers “enhanced” Surface Water Treatment 
Rule 

■ EPA requests negotiated rulemaking (RegNeg) for 
disinfection by-products 


- BrOg discovered as a significant by-product 
of ozonation of Br-containing waters 

- LeChevallier discovers that Giardia 
occurrence may be greater than 
initially believed 
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A number of studies conducted in the late 1970s and early 1980s indi- 
cated that many other halogenated by-products also formed in drinking wa- 
ter as a result of chlorination, in addition to the THMs. These studies were 
conducted by chlorinating raw drinking water and humic material the prin- 
cipal organic component of most natural waters, and by making measure- 
ments in finished drinking water. The most frequently identified disinfec- 
tion by-products, in addition to the THMs, were di- and trichloroacetic acid, 
di- and tnchloroacetonitrile, chlorinated ketones, chloral hydrate, and chlo- 
ropicrin (e.g., Christman et al., 1983; Coleman et al., 1984; Miller and 
Uden, 1983; Oliver, 1983; Quimby et al., 1980; Reckhow and Singer 1984- 
Rook, 1977; Trehy and Bieber, 1981). Numerous other halogenated disin- 
fection by-products have been identified, but with less frequency and at 
trace levels (e.g., Stevens et al., 1989). The formation of halogenated disin- 
fection by-products from the reaction between chlorine and natural organic 
material (NOM) is given by the following general equation: 

CI2 -I- NOM CHCI3 + Other THMs + Other DBFs 

Despite the fact that researchers have identified hundreds of haloge- 
nated disinfection by-products in chlorinated water, the total concentration 
of those compounds that have been quantified amounts to only about 50 

Christman et al., 

1983; Reckhow and Singer, 1984; Singer and Chang, 1989). By separately 
measunng the total organic halide concentration in chlorinated water using 
an adsorption/pyrolysis/coulometric detection procedure (Standard Methods, 
1985), researchers have demonstrated that the sum of the measured THMs 
haloacetic acids (HAAs), haloacetonitriles, etc., when converted to chlo- 
rine-equivalent concentrations, accounts for only about 50 percent of the 
measured total organic halide concentration, also in chlorine-equivalent units 
This means that approximately half of the halogenated disinfection by-prod- 
ucts consist of unidentified halogenated compounds. 

T the Metropolitan Water District of Southern California and 

Janies M^ Montgomery Consulting Engineers, in a project jointly sponsored 
by the ERA, the California Department of Health Services, and the^socia- 
tion of Metropolitan Water Agencies, conducted the most comprehensive 
erir 1 Li"' fitiished drinking water to date (Krasner 
Sinii 1989). The investigators analyzed finished 

foT! V T'rJ f nationwide, 10 of which were in California, 
wL I 1 K, by-products for which analytical techniques 

e available (see Table 1). The study was directed at detecting disinfec- 
tion by-products, seasonal patterns in their formation, the effects of raw 
water quality on the levels and distribution of the by-products analyzed, and 
effects of treatment modifications on by-product formation. 
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TABLE 1 Targeted Compounds in Nationwide 
Disinfection By-Product Survey 

Trihalomethanes 

Chloroform 

B romodichloromethane 
Dibromochloromethane 
Bromoform 

Haloacetic acids 
Chloroacetic acid 
Dichloroacetic acid 
Trichloroacetic acid 
Bromoacetic acid 
Dibromoacetic acid 

Haloacetonitriles 

Dichloroacetonitrile 

Trichloroacetonitrile 

Bromochloroacetonitrile 

Dibromoacetonitrile 

Haloketones 

1 . 1 -dichloropropanone 

1.1.1 -trichloropropanone 

Miscellaneous chloro-organics 
Chloropicrin 
Chloral hydrate 
Cyanogen chloride 
2,4,6-trichlorophenol 

Aldehydes 

Formaldehyde 

Acetaldehyde 


SOURCE: McGuire et al. (1989). 


The results of this survey indicated that THMs were the by-products 
present in the highest concentrations in finished drinking water, with the 
haloacetic acids present at approximately 50 percent of the total THM con- 
centration. The mean and median total THM concentrations were 39 and 36 
micrograms/liter (pg/L), respectively, while the median total haloacetic acid 
concentration was 17 pg/L. [Recent research by J.M. Montgomery Consult- 
ing Engineers (1992) and Singer et al. (1992) suggests a higher ratio of 
haloacetic acids to trihalomethanes.] A number of water samples had sig- 
nificant concentrations of by-products containing bromine because the source 
waters had high concentrations of bromide ion. 
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TABLE 2 Candidate Disinfection By-Products for Regulation 


Compound 

Health Effects and 

Cancer Status 

Possible Maximum 
Contaminant Level 
Goal 

Trihalomethanes 

Chloroform 

Cancer, B2 

0 

Bromodichloromethane 

Cancer, B2 

0 

Dibromochloromethane 

Liver, C 

60 jig/L 

Bromoform 

Cancer, B2 

0 

Haloacetic Acids 

Trichloroacetic Acid 

Liver, C 

100 Hg/L 

Dichloroacetic Acid 

Cancer, B2 

0 

Other 

Chloral Hydrate 

Liver, C 

5 Hg/L 

Bromate 

Cancer, B2 

0 

Chlorine 

Blood, D 

4 mg/L 

Chloramines 

Blood, D 

4 mg/L 

Chlorine Dioxide 

Blood, Neurological, D 

0.8 mg/L 

Chlorite 

Blood, D 

0.3 mg/L 


CODE: B2 = Probable human carcinogen; C = Possible human carcinogen; D = Inadequate 
or no evidence of human or animal carcinogenicity 

SOURCE: Regli et al. (1992). 


their low concentrations, they have been shown to be responsible for up to 
50 percent of the mutagenicity of chlorinated drinking water. The signifi- 
cance of this class of compounds to public health has been questioned, 
however, because of the likelihood that they are detoxified in mammalian 
systems following ingestion. The link between mutagenicity and human 
carcinogenicity is a subject of scientific debate. 

In fact, interpretations of the health effects studies overall have been 
extensively criticized by scientists, engineers, and water utility managers. 
In 1991 the International Agency for Research on Cancer concluded that 
there was inadequate evidence for the carcinogenicity of chlorinated drink- 
ing water in humans or laboratory animals and that chlorinated drinking 
water was not classifiable as to its carcinogenicity (World Health Organiza- 
tion, 1991). The issues involve the weakness of the reported epidemiologi- 
cal relationships between cancer and consumption of chlorinated drinking 
water, the high dosages of test compounds administered to laboratory ani- 
mals to induce tumors, and the validity of the models used to extrapolate 
from these high dosage effects to the low concentrations at which these 
compounds are found in drinking water. These are issues common to many 
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The earlier proposed requirement for the use of granular activated car- 
bon for vulnerable water supplies was not included in the final THM rule, 
but was subsequently adopted as part of EPA’s regulations controlling syn- 
thetic organic chemicals in drinking water. [The Safe Drinking Water Act 
Amendments of 1986 declared granular activated carbon treatment to be the 
best available technology (BAT) for the control of synthetic organic chemi- 
cals.] 

The EPA’s selection of an interim maximum contaminant level of 0.10 
mg/L was based on balancing public health considerations against the tech- 
nological and economic feasibility of limiting total THM concentrations to 
such levels in public water systems in the United States. In addition, the 
limited data base available at that time, from the standpoint of both occur- 
rence and health effects, prevented the EPA from establishing individual 
maximum contaminant levels for each of the four THM species. Finally, 
the EPA did not extend the maximum contaminant level to community water 
systems serving fewer than 10,000 persons because of concerns about the 
technical and economic feasibility of such systems being able to comply 
with the rule without jeopardizing their disinfection practices and putting 
their customers at an increased risk of waterborne diseases. 

It was assumed that many water utilities would ultimately be able to 
achieve total THM concentrations as low as 0.010 to 0.025 mg/L (10-25 |ig/ 
L), and EPA suggested these values as future goals to be considered in the 
Revised National Primary Drinking Water Regulations. 

On February 28, 1983, in accordance with the stipulations of the Safe 
Drinking Water Act, the EPA identified the best technology and treatment 
techniques that community water systems could use to achieve compliance 
with the maximum contaminant level for total THMs (EPA, 1983). These 
techniques were believed to be “generally available, taking costs into con- 
sideration.” The specific techniques identified were the use of chloramines 
or chlorine dioxide as alternative or supplemental disinfectants and oxi- 
dants, improved clarification for THM precursor removal, moving the point 
of chlorination to reduce THM formation, and the use of powdered activated 
carbon to remove THMs or THM precursors. Additional techniques not 
determined to be “generally available” included the use of ozone as an 
alternative or supplemental disinfectant or oxidant, aeration for THM re- 
moval, off-line water storage, consideration of alternative sources of raw 
water, and implementation of clarification if not currently practiced. 

Following promulgation of the THM rule and the setting of a maximum 
contaminant level for total THMs in finished drinking water, the water treat- 
ment industry responded by adopting practices to limit THM formation. 
The principal treatment modifications involved moving the point of chlori- 
nation downstream in the water treatment plant, optimizing the coagulation 
process to enhance the removal of THM precursors, and using chloramines 
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to supplement or replace the use of free chlorine. Young and Singer (1979) 
had shown that moving the point of chlorine application from the raw water 
to a location after clarification could reduce THM formation by approxi- 
mately 40 percent. A number of other researchers (e.g., Babcock and Singer, 
1979; Johnson and Randtke, 1983; Kavanaugh, 1978; Semmens and Field' 
1980) had demonstrated that up to 75 percent of the THM precursors could 
be removed by coagulation, sedimentation, and filtration if the coagulant 
dose and pH were optimized. Other researchers (e.g., Brodtmann et al. 
1980; Duke et al., 1980; Lange and Kawczynski 1978; Norman et al., 1980) 
had shown that the addition of ammonia to water containing chlorine essen- 
tially stopped the subsequent formation of THMs. This made the use of 
chloramines a very simple, inexpensive, and therefore attractive approach 
for limiting THM formation. However, because chloramines are a much 
weaker disinfectant than free chlorine, concern about compromising the 
microbiological quality of drinking water became an important issue. 

McGuire and Meadow (1988) surveyed 727 water utilities for the American 
Water Works Association Research Foundation (AWWARF) to determine 
the extent to which utilities were in compliance with the maximum contami- 
nant level for total THMs, and the cost of achieving such compliance. The 
results showed that enactment of the THM regulation resulted in a 40-50 
percent average reduction in total THM concentrations for the larger utili- 
ties surveyed. The median total THM concentration among all the respon- 
dents was 38 )tg/L, a value not much different than the results of EPA’s 
National Organics Reconnaissance Survey (Symons et al., 1975) or the Na- 
tional Organics Monitoring Survey (Brass et al., 1977). The principal dif- 
ferences were that the utilities with high THM levels were able to reduce 
their THM concentrations substantially, as shown in Figure 3. Of those 
systems that implemented THM control measures, the majority did one or 
more of the following things: (1) modified their point(s) of chlorine applica- 
tion, (2) changed their chlorine dosages, and (3) adopted the use of chloramines 
to ensure compliance with the maximum contaminant level for total THMs. 

A large number of utilities changed from free chlorine to chloramines as 
their primary disinfectant. Table 3 summarizes the treatment modifications 
made by the utilities included in the survey. Although compliance with the 
0.10 mg/L (100 |xg/L) maximum contaminant level was found to be not 
particularly costly, it was concluded that reducing the maximum contami- 
nant level significantly below 50 pg/L would cause a large number of utili- 
ties to exceed the maximum contaminant level and would require extensive 
capital expenditures to bring these utilities into compliance with such a 
more stringent value. 

In summary, the scientific findings on THMs and other halogenated 
disinfection by-products in chlorinated drinking water led to health effects 
studies that showed that chloroform and other disinfection by-products were 
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FIGURE 3 Frequency distribution of survey data from American Water Works 
Association Research Foundation (AWWARF) Utility Survey compared with the 
National Organics Reconnaissance Survey (NORS) and the National Organics Mon- 
itoring Survey (NOMS). SOURCE: McGuire and Meadow (1988). Reprinted from 
the Journal of the American Water Works Association by permission. Copyright © 
1988, American Water Works Association. 


carcinogenic in laboratory animals and that people drinking chlorinated wa- 
ter might be at somewhat greater risk in developing bladder, colon, and 
rectal cancer than those consuming unchlorinated drinking water. Addi- 
tional scientific findings involving the formation and behavior of THMs and 
the other disinfection by-products led to the development of water treatment 
strategies to limit the formation of halogenated disinfection by-products. 
The enactment of the THM regulation resulted in treatment modifications 
that subsequently reduced the extent of THM formation and, most likely, of 
many of the other disinfection by-products as well, thereby lowering the 
public health risk associated with THMs and the consumption of chlori- 
nated drinking water. Implementation of some of these modifications, how- 
ever, may have compromised the microbiological quality of drinking water 
(see later discussion). 
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TABLE 3 Treatment Changes Made by Utilities to 
Comply with 0.10 mg/L Maximum Contaminant Level 
for Total Trihalomethanes 


Treatment Change 

Number of Plants 

Change point of CI2 

150 

Change CI2 dose 

122 

Add NH2CI 

100 

Improve clarification 

41 

Add CIO2 

26 

Add powered activated carbon 

25 

Install granular activated carbon 

10 

Install aeration 

9 

Install clarification 

4 

Provide off-line storage 

4 

Add O3 

3 

Use alternate source 

2 

Other 

47 

Total 

543 


SOURCE: McGuire and Meadow (1988). 


CHRONOLOGY OF CONFOUNDING EVENTS 

A number of additional regulatory actions and scientific discoveries 
have taken place within the past six years that have served to confound the 
disinfection by-product issue. They revolve primarily around the 1986 amend- 
ments to the Safe Drinking Water Act, the promulgation by the EPA in 1989 
of the Surface Water Treatment Rule and the Total Coliform Rule, the per- 
ceived need to establish maximum contaminant levels for other disinfection 
by-products in addition to the THMs, and the previously stated need (EPA, 
1979) to reevaluate the maximum contaminant level for total THMs based 
on experiences gained following the initial regulation. It had been under- 
stood that the initial maximum contaminant level for total THMs was a 
compromise between public health considerations and technological and 
economic feasibility. These additional considerations, some of which are 
scientific and some of which are regulatory in nature are shown in Figure 1. 
The discussion that follows presents these events in the order in which they 
occurred, their relationship to the disinfection by-product issue, and the 
resultant complexity of management and control options for disinfection 
by-products. 

The 1986 amendments reflected the dissatisfaction of Congress with the 
slow pace and manner by which the original Safe Drinking Water Act of 
1974 was being implemented, growing public concern over contamination 
of drinking water supplies, and public perception that drinking water was 
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unsafe. The key elements of the amendments with respect to the disinfec- 
tion by-product issue were the development of specific requirements for (1) 
the disinfection of all public water supplies, including mandatory filtration 
of all surface water supplies; (2) the adoption of maximum contaminant 
levels for 83 contaminants by June 1989 and a corresponding requirement 
to add 25 more contaminants every three years thereafter; and (3) the desig- 
nation of best available technology for each of the regulated contaminants. 

In response to the amendments, the EPA formulated a schedule for regulat- 
ing disinfection by-products, with the by-products being considered as part 
of the first 25 additional contaminants to be regulated. The original EPA 
schedule consisted of proposed maximum contaminant levels for disinfec- 
tants and disinfection by-products by September 1990, adoption of final 
maximum contaminant levels by September 1991, and compliance with the 
adopted maximum contaminant levels by March 1993 (McGuire, 1989). 

As a result of the Safe Drinking Water Act amendments, it was antici- 
pated that; the previous maximum contaminant level for total THMs would 
be modified by adopting individual maximum contaminant levels for each 
of the four THM species based on knowledge of the differing toxicological 
impacts of each of the species; consideration would be given to making the 
new maximum contaminant levels for the THMs more stringent than the 
maximum contaminant level for total THMs previously adopted in 1979, 
maximum contaminant levels would be established for a number of the 
additional disinfection by-products identified in finished drinking water for 
which data on health effects were available; maximum contaminant kvels 
would be established for the disinfectants themselves; and the maximum 
contaminant levels would apply to all water systems, not just to those serv- 
ing more than 10,000 people. , • , cqi 

The Surface Water Treatment Rule, which was first proposed m 198/ 
(EPA, 1987a) and finalized in 1989 (EPA, 1989a), arose from growing con- 
cerns about the presence of pathogenic microorganisms in surface water 
supplies and the inadequacy of existing treatment and disinfection practices 
to properly remove and inactivate many of these organisms (Craun, 198 ). 
Until that time, disinfection practices were directed at the removal and 
inactivation of enteric (i.e., intestinal) bacteria. But growing concerns about 
waterborne viruses such as the hepatitis A virus, cysts such as Giardia 
lamblia, bacteria such as Legionella, and the number of reported illnesses 
associated with these organisms led to the requirements that disinfection 
practices be adopted to ensure at least 99.9 percent (three orders of magni- 
tude, or 3-log) removal/inactivation of Giardia cysts and 99.99 percent (four 
orders of magnitude, or 4-log) removal/inactivation of viruses. It had be- 
come clear that existing disinfection practices might not be adequate for 
controlling the diverse nature of microorganisms associated with infectious 
diseases potentially carried by municipal drinking water. 
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At the heart of the Surface Water Treatment Rule is the CT concept 
Which specifies that a sufficient concentration (C) of disinfectant must per- 
sist in the water for a satisfactory contact time (T) in order to ensure an 
adequate degree of inactivation. CT values were developed from experi- 
mental results for a variety of disinfectants, specifically free chlorine, 
chloramines, chlorine dioxide, and ozone, for a variety of solution condi- 
tions (e.g., pH and temperature), and for various degrees of inactivation of 
Giardia and viruses. CT credit of 2- to 2.5-log removal (99 to 99.7 percent) 
for Giardia and 1- to 2-log removal (90 to 99 percent) for viruses were 
allocated to surface water treatment systems practicing filtration, with the 
remaining degrees of inactivation of the two groups of organisms to be 
achieved by chemical disinfection. 

Another key aspect of the Surface Water Treatment Rule that affected 
the disinfection by-product issue was the requirement that a disinfectant 
residual of at least 0.2 mg/L must be maintained at all times in the water 
entering the distribution system, and measurable disinfectant residuals must 

be achieved in more than 95 percent of the distribution system samples 
analyzed. 

The Total Coliform Rule was also initially proposed in 1987 (EPA 
1987b) and finalized in 1989 (EPA, 1989b). This rule also mandated greater 
attenhon to disinfection practices, particularly with regard to maintaining 
the biological quality of treated water in the distribution system. 

A significant impact of the disinfection requirements of both the Sur- 
face Water Treatment Rule and the Total Coliform Rule was that many of 
the water utilities, such as those surveyed by McGuire and Meadow (1988), 
which had previously modified their disinfection practices to comply with 
the 1979 THM regulation might not be in compliance with the CT or re- 
sidual disinfectant requirements of the Surface Water Treatment Rule and 
the various stipulations of the Total Coliform Rule. This was especially 
true for those utilities that adopted chloramination for primary disinfection. 
Accordingly, the population served by these utilities was potentially being 
exposed to a greater microbial risk as a result of modified disinfection 
practices. Furthermore, even without the Surface Water Treatment Rule and 
Total Coliform Rule, most of the utilities surveyed by McGuire and Meadow 
indicated they would have difficulty complying with a maximum contami- 
nant level for total THMs significantly below 50 |j.g/L. Clearly, given the 
stringent provisions of the two new rules, reduction of the maximum con- 
taminant level to less than 50 pg/L would be expected to have an even 

greater economic impact than that projected by the McGuire and Meadow 
survey. 

Hence, in developing national regulations for the control of disinfec- 
tants and disinfection by-products, the EPA must ensure that the maximum 
contaminant levels established for the disinfectants and disinfection by- 
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products are consistent with the requirements of the Surface Water Treat- 
ment Rule, the impending Groundwater Disinfection Rule (ERA, 1992a), 
and the Total Coliform Rule in that they do not cause changes in water 
treatment practices that result in significant increases in risk from waterborne 
pathogens or from other disinfection by-products that do not get regulated 
at that time. Furthermore, as stated above, the new regulations would have 
to apply to all public water systems using disinfection, not just to those 

serving more than 10,000 persons. . . ^ . r 

In developing the maximum contaminant levels for disinfection by- 
products, EPA’s approach has been to consider various THM concentrations 
as maximum contaminant levels, evaluate different treatment options that 
could meet these maximum contaminant levels, determine the costs associ- 
ated with these options, and establish an appropriate maximum contaminant 
level for the THMs with corresponding treatment technologies to achieve 
compliance. The focus has continued to be directed at THMs because of the 
greater availability of data on occurrence, toxicological effects, and treat- 
ment control methodologies, although increasing amounts of data are being 
generated for the haloacetic acids in response to their perceived significance 
from an occurrence and health effects point of view. 

Because chloroform, bromodichloromethane, bromoform, and dichloro- 
acetic acid are tentatively classified as probable human carcinogens based 
on the latest toxicological information (Regli et al., 1992), the Safe Drink- 
ing Water Act essentially requires the ERA to set the maxmum contaminant 
level goals for these compounds at zero. The Safe Drinking Water Act also 
requires the ERA to set the actual maximum contaminant levels as close to 
the maximum contaminant level goal as is technologically and econommally 
feasible to achieve. For carcinogenic compounds that have a maximum 
contaminant level goal of zero, the ERA attempts to establish maximum 
contaminant levels at concentrations which ensure that the average in i- 
vidual lifetime risk of acquiring cancer through exposure to these com- 
pounds in drinking water is no more than one in ten thousand to one in a 

million (equivalent to a 10“* to 10 ® risk). -r- j „ 

For those chlorinated disinfection by-products tentatively classified as 
probable human carcinogens. Table 4 lists the drinking water concentrations 
corresponding to lO'*, lO'^, and lO’^ increased lifetime cancer risks (Regli 
et al., 1992), along with the reported range of occurrence. Given the mea- 
sured concentrations of these disinfection by-products in drinking water, it 
is clear that utilities would have great difficulty complying with maximum 
contaminant levels for the THMs at anything more stringent than a 10 risk 
level, and a maximum contaminant level for dichloroacetic acid (DCAA) a 
anything more stringent than a lO"* risk level. While it might be possible to 
achieve maximum contaminant levels corresponding to these risk levels by 
reducing the dose of chlorine for drinking water treatment, the Surface 
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TABLE 4 Drinking Water Concentrations Associated with Various Levels 
of Increased Lifetime Cancer Risk 


Disinfection 

By-Product 

Concentration (]ig/L) 


Range of 
Occurrence (fig/L) 

10-4 

10-5 

10-® 

Bromodichloromethane 

100 

10 

1 

0-100 

Bromoform 

400 

40 

4 

0-50 

Chloroform 

600 

60 

6 

0-340 

Dichloroacetic acid 

10 

1 

0.1 

0-80 


SOURCE: Regli et al. (1992). 


Water Treatment Rule prevents this from happening by requiring strict ad- 
herence to CT values and disinfectant residuals that would ensure compli- 
ance with the specified levels of pathogen inactivation and the correspond- 
ing reduction in microbial risk. 

Alternatively, other disinfectants could be used in place of free chlorine 
to meet the requirements of the Surface Water Treatment Rule, but these 
alternatives are not without their own health risks. For example, the use of 
chlorine dioxide results in the presence of chlorite (CIO 2 -) and chlorate 
(CIO 3 -) in the treated water (Rav-Acha et al., 1984; Werdehoff and Singer, 
1987). Chlorite is formed as a by-product from the reaction of chlorine 
dioxide, and both chlorite and chlorate are frequently found as contaminants 
in chlorine dioxide feed streams (Griese et al., 1991). Chlorite has been 
found to be toxic in animals (Couri et al., 1982), and a maximum contami- 
nant level goal of 0.3 mg/L has been suggested (Regli et al., 1992). 

In the case of ozone, the principal by-products appear to be aldehydes 
such as formaldehyde, acetaldehyde, glyoxal, and methyl glyoxal (Glaze et 
al., 1991). There is not enough information at this time to ascertain the 
health risks of exposure to these chemicals in drinking water. However, in 
water containing bromide, ozonation can lead to the formation of undedr- 
able levels of bromate (BrOj') and brominated organic by-products such as 
bromoform, dibromoacetic acid, etc. (Amy and Siddiqui, 1991; Krasner et 
al., 1993). Bromate is also tentatively classified as a probable human car- 
cinogen, with a 5 pg/L concentration in drinking water corresponding to a 
10 individual lifetime cancer risk, and 0.5 pg/L (below most analytical 
detection limits) for a 10 ^ risk (Regli et al., 1992). Therefore, while ozone 
is a more potent disinfectant than free chlorine, its widespread applicability 
may be limited by the bromide content of the source water and the corre- 
sponding formation of bromate. In addition, because ozone is relatively 
unstable in water, a secondary disinfectant is required in order to maintain a 
disinfectant residual in the distribution system. 
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The use of chloramines in place of free chlorine to minimize disinfec- 
tion by-product formation is limited because of their poor virucidal and 
cysticidal properties, that is, the high CT requirements make chloramines 
impractical for primary disinfection in most cases. Chloramines still re- 
main an attractive option for secondary disinfection, that is, for maintaining 
a persistent disinfectant residual in the distribution system. 

Also, the application of alternative primary disinfectants may enhance 
the formation of some by-products during secondary disinfection. For ex- 
ample, ozonation leads to high concentrations of chloral hydrate when the 
secondary disinfectant is free chlorine (Logsdon et al., 1992; McKnight and 
Reckhow, 1992). 

Some additional confounding factors involve the emergence of crypto- 
sporidiosis as a major waterborne disease; several outbreaks have occurred 
within the past five years (Rose, 1988). Although they were not considered 
in the development of the Surface Water Treatment Rule, Cryptosporidium 
cysts have been found to be appreciably more resistant to conventional 
disinfectants than Giardia, and higher CT values may be required to inacti- 
vate this organism. Such CT criteria are still in the developmental stage. In 
addition, LeChevallier et al. (1991) have recently reported that concentra- 
tions of Giardia and Cryptosporidium cysts in raw drinking water may be 
orders of magnitude higher than originally expected. Although the infectiv- 
ity of the cysts was not verified, these findings suggest that the specifica- 
tions for 3-log and 4-log inactivation or removal of Giardia and viruses, 
respectively, in the Surface Water Treatment Rule may not be restrictive 
enough to reduce the risk of exposure to these waterborne diseases to levels 
that EPA deems acceptable. Accordingly, the EPA is considering adopting 
an ‘"enhanced” Surface Water Treatment Rule. If this were done, increased 
contact times with chlorine or higher doses of chlorine would be required to 
provide enhanced disinfection. The result would almost certainly be an 
increase in the formation of halogenated by-products. 

These considerations draw attention to the conundrum facing water utilities 
and regulators, that is, while a great deal of attention has been directed at 
formation of disinfection by-products and reducing the chemical risks asso- 
ciated with these by-products, insufficient attention has been focused on the 
microbial risks associated with modified disinfection practices and the pres- 
ence of disease-causing and disinfection-resistant organisms in raw water 
supplies. From the standpoint of reducing microbial risk from these infec- 
tious agents, greater reliance on chlorine and other chemical disinfectants 
might be desirable despite the increased formation of disinfection by-prod- 
ucts and their attendant chemical risks. 

All of the above confounding factors are considered, to some degree, in 
EPA’s Disinfection By-Product Risk Assessment Model (Regli et al., 1992). 
The EPA first proposed this model in November 1990 as an innovative 
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approach to balance the risk between exposure to microbial hazards and 
exposure to disinfectants and disinfection by-products. The approach in- 
volves (1) identification of candidate best available technologies for con- 
trolling both disinfection by-products and pathogens; (2) determination of 
the degree to which these technologies are consistent with the criteria of the 
Surface Water Treatment Rule and the Total Coliform Rule, and with the 
potential criteria of an enhanced Surface Water Treatment Rule; (3) evalua- 
tion of the predicted performance of these candidate best available tech- 
nologies in a variety of source water qualities (e.g., total organic carbon, 
bromide concentrations); (4) consideration of candidate maximum contami- 
nant levels for THMs and haloacetic acids based upon predicted levels that 
can be achieved by the candidate best available technologies for a reason- 
able number of water systems; (5) consideration of potential net changes in 
risk from exposure to both disinfection by-products and pathogens; and (6) 
the costs to implement such changes. 

EPA is still developing their risk assessment model for disinfection by- 
products. Initial predictions indicated that there would be a dramatic in- 
crease. in the incidence of waterborne disease if more stringent maximum 
contaminant levels for THMs and other disinfection by-products were es- 
tablished, but there is a vast amount of uncertainty associated with the 
model, deriving primarily from inadequate scientific (primarily toxicologi- 
cal and microbiological), technological, and cost information. While the 
risk assessment modeling approach is a laudable one, it represents a rather 
ambitious undertaking, given the lack of supporting documentation that is 
needed for incorporation into the model. 

In fact, it is the lack of such information in the face of the confounding 
factors enumerated above that, in large part, has led the EPA to recommend 
that the disinfection by-product regulations be developed through the pro- 
cess of negotiated rulemaking (RegNeg). This process is an alternative to 
traditional rulemaking, in which representatives of all interested parties, 
including the EPA, meet and collectively develop the proposed rule by con- 
sensus. The process is managed by a third party that convenes the meetings 
and oversees the deliberations. On September 15, 1992, the EPA issued a 
notice of intent to proceed with a negotiated rulemaking (EPA, 1992b). The 
RegNeg process for disinfection by-products is under way and is scheduled 
to be completed by mid- 1993. 

DISCUSSION AND CONCLUSIONS 

There can be no questioning the fact that the regulation of disinfection 
by-products is a difficult issue. In some ways, the regulatory process for 
THMs worked effectively, at least in the early stages. Scientific evidence 
supported the need to control THMs. THMs were found in chlorinated 
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water and were produced as a result of the chlorination process. They 
induced cancers in laboratory animals. Epidemiological studies suggested 
that people drinking chlorinated water appeared to be subjected to a some- 
what increased incidence of cancers of the urinary and digestive tracts. 

Accordingly, THMs were regulated. The result of the regulation was a 
lowering of THM levels in drinking water at a relatively modest cost. Sci- 
entific findings led to a regulatory decision that produced a favorable out- 
come at little cost to society, although there is some question whether the 
effectiveness of disinfection was adversely affected. All of the above was 
accomplished over a period of about 10 years. 

It has been the attempt to fine-tune and expand the original objective, 
and subsequent recognition that control of the chemical risks associated 
with disinfection by-products may increase risks associated with disease- 
causing microorganisms, that has led to the difficulties described in this 
paper. 

New analytical techniques have allowed many more contaminants in 
drinking water to be identified. Some of these contaminants are present in 
the raw water, and a number are produced by chemicals added to purify the 
water. Some, like the THMs and haloacetic acids, are present in concentra- 
tions as high as 50-100 \igfL. Most are present at what would be called 
trace concentrations, that is, less than 10 |Jg/L. Despite the survey by i|, 

McGuire et al. (1989), there is no comprehensive data base profiling the ||j 

nationwide occurrence of disinfection by-products in chlorinated drinking i||i 

water. ;;i; 

Among the disinfection by-products, halogenated by-products have been 'ip 

the easiest to identify and quantify analytically, although only about 50 P 

percent of the mass of these halogenated by-products (on a halogen-equiva- ;:| 

lent basis) has been accounted for. Little information is available on the 3-; 

nature of the remaining 50 percent, or the health effects associated with this 
material. Identification of by-products resulting from the chlorination of 
water continues to be an active area of analytical research. 

In addition, the focus of analytical activity on by-products of chlorina- 
tion does not mean that alternative oxidants and disinfectants do not gener- 
ate by-products too. Analytical techniques have not advanced to the point 
where the polar compounds that are invariably produced by these alterna- ll'i 

tive chemical additives such as ozone and chlorine dioxide can be reliably 
measured. Identification of some of these other by-products is just begin- p 

ning to occur, but it is likely to be a long time before a mass balance on the ' 

organic carbon content of finished drinking water can be attempted. i 

Assessment of the health effects of these trace contaminants is probably p 

the major source of scientific uncertainty. Epidemiologically, it cannot yet 
be concluded that there is a significant cancer risk in drinking chlorinated 
water. Confident quantification of this risk requires additional study. Toxi- ) 
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cologically, it can be concluded that some of these disinfection by-products 
cause cancer in laboratory animals when administered in large doses, but 
questions arise when attempts are made to extrapolate these results to the 
low exposures associated with drinking water. The scientific basis for mak- 
ing such low dose extrapolations is still debatable, yet the need is great if 
reliable risk estimates are to be made. 

Technologically, it is widely accepted that the formation of THMs and 
other chlorinated by-products can be lowered by decreasing the use of free 
chlorine. However, requirements for reliable disinfection of drinking water 
to control waterborne pathogens are deservedly more stringent than ever 
before, and likely to become even more stringent. There is a fear among 
many that lower maximum contaminant levels for THMs and other disinfec- 
tion by-products may compromise one of the fundamental objectives of 
water treatment, that is, disinfection. If disinfectants other than free chlo- 
rine were to be used, there are uncertainties with regard to the public health 
impact of some of these alternatives, particularly in bromide-containing 
waters. From a regulatory standpoint, it would not be desirable to establish 
regulations that would essentially limit the use of free chlorine and force 
utilities to use alternative disinfectants whose public health risk is more 
uncertain at this time because of analytical deficiencies. 

Alternative control options involve the use of technologies that would 
remove disinfection by-product precursors (natural organic matter) from the 
water before a disinfectant is added. Technologies for achieving this objec- 
tive consist of enhanced coagulation, granular activated carbon adsorption, 
and membrane filtration. The first of these is not effective in all waters, for 
reasons that are not yet known. Research on this subject is continuing. 
Using granular activated carbon adsorption to control disinfection by-prod- 
ucts has been demonstrated to be a relatively expensive process for most 
waters, and adoption of maximum contaminant levels for disinfection by- 
products that are based on the use of granular activated carbon as the best 
available technology is likely to have a major economic impact on society. 
Opponents of such a requirement cite the high cost of this technology for a 
questionable societal benefit. Membrane filtration is a relatively new de- 
velopment in water treatment technology. A number of technical issues 
must be addressed before this technology can be implemented on a large 
scale. These include control of membrane fouling, ultimate disposal of the 
concentrated waste from the process, and efficiency of product recovery. In 
addition, like granular activated carbon, membrane filtration has a relatively 
high price tag. 

EPA’s proposal to use a Disinfection By-Product Risk Assessment Model 
to aid them in the rulemaking process is a logical approach in view of the 
complexities involved in the disinfection/disinfection by-products issue. 
Unfortunately, the scientific data base needed to support such an approach 
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at this time is weak. Either more research is needed to provide the missing 
pieces, and there are a significant number of missing pieces as discussed in 
this paper, or a compromise position will have to be adopted, as was the case 
in 1979. The negotiated rulemaking process that is under way is likely to lead 
to such a compromise position for the short term. The long-term regulation 
of disinfection by-products must await additional scientific findings. 
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Acid Deposition 


James L. Regens 


Attempts to link scientific, technical, and economic information to de- 
cisions affecting the public sector have become a significant as well as 
contentious component of the policymaking process in the United States in 
recent decades. Even when high-quality information is available, barriers 
may impede its timely communication and use. Almost inevitably, when 
public policy choices are grounded heavily in scientific, technical, or eco- 
nomic data, much of the debate among contending sides involves conflict 
over whose information will become the more credible, and persuasive, in 
the political arena. The contention involved in accommodating scientific, 
technical, and economic information in the decision-making process also 
reflects the fact that our understanding of risks, benefits, and costs is not 
static but continuously evolves. Thus, it is always possible for new infor- 
mation to emerge that calls into question the previously accepted scientific, 
technical, or economic bases of regulatory choices. 

In a number of instances, environmental statutes incorporate explicit 
procedures for revising regulations to accommodate new data. The Clean 
Air Act Amendments of 1990 (RL. 101-549), for example, provide a pro- 
cess for periodically revising the National Ambient Air Quality Standards; 
there are comparable mechanisms within the regulatory system that make it 
possible for administrative agencies to accommodate changes in existing 
knowledge after regulations are promulgated. Given concerns about the 
role that scientific, technical, or economic understanding plays in the rule- 
making process, it is useful to delineate the ways in which changing infor- 
mation similarly affects congressional deliberations about new legislation. 
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The acid rain controversy provides an excellent case study of the potential 
for changing information to guide policy choices during congressional de- 
bates as well as the limitations of accommodation.’ 

The acid deposition control program authorized by Title IV of the Clean 
Air Act Amendments of 1990 signaled the end to more than a decade of 
acrimonious debate. However, before these regulations were passed acid 
rain was one of the most prominent, complex, and divisive environmental 
research and policy issues of the 1980s (see Regens and Rycroft, 1988). 
Both scientific knowledge and governmental policy were controversial. The 
controversy over science centered on how much information was needed to 
determine if acid rain was a threat and whether it could be prevented or 
mitigated. The policy controversy involved the appropriateness of alterna- 
tive responses to such a threat. A tremendous amount of research was 
conducted and the disagreement among interested parties was intense— 
especially the policy implications of research findings. 

What lessons can we learn from that experience that will improve the 
use and effectiveness of scientific and economic information in congres- 
sional policy debates? Can the lessons improve the effectiveness of large- 
scale interagency research programs as a mechanism for generating such 
information?^ The answers may be valuable in shaping timely and prudent 
responses to other major atmospheric pollution issues, such as global cli- 
mate change or stratospheric ozone depletion. 

OVERVIEW OF EXISTING INFORMATION 
Definition and Origin 

As a working definition, acid deposition, or acid rain as it is more 
commonly called, refers to the processes by which acidic substances, which 
are largely of man-made origin, are deposited from the atmosphere into 
ecosystems m precipitation or as fine dry particles. Acidity is measured on 
a logarithmic scale (pH) of 1 to 7, with 7 being neutral and acidity increas- 
ing as the numbers decrease toward 1.^ As shown in Figure 1, all forms of 
precipitation rain, snow, sleet, hail, fog, or mist — that have a pH value 
equal to or less than 5.6 typically are classified as acid rain.'’ In fact, 
however, a review of deposition data in the existing literature suggests that 
the global average pH of precipitation in remote regions of the world is 
closer to 5.0, which appears to be a more appropriate cutoff point for “clean” 
rain. The natural value of precipitation pH probably varies from region to 
region depending on the climatology, local ecosystems, and other factors. 

Although the simplicity of the term acid rain conveys the image of an 
easily understood phenomenon. Figure 2 shows how the problem involves 
complex and varied chemical, meteorological, and physical interactions (see 
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FIGURE 1 The pH scale. 


National Acid Precipitation Assessment Program [NAPAP], 1991a; National 
Research Council [NRC], 1983, 1986). Interestingly enough, the first sci- 
entific studies attempting to delineate the processes producing acid rain 
date back to the late 1800s (see Figure 3). Robert Angus Smith’s pioneer- 
ing studies of precipitation chemistry and its effects introduced the world to 
the term acid rain. Drawing on data measuring the chemistry of rain in 
England, Scotland, and Germany, Smith (1872) demonstrated that variation 
in regional factors such as wind trajectories, the amount and frequency of 
precipitation, decomposition of organic matter, proximity to seacoasts, and 
coal use influenced sulfate concentrations in rain. However, Smith’s re- 
search was ignored for almost a century by both the scientific and policy 
communities. 


Research Efforts 

Serious interest in acid rain as a topic for scientific inquiry did not 
emerge until the early 1970s, and research throughout that decade empha- 
sized the contribution of sulfur compounds to acidification (see Cowling, 
1982). Research that linked air mass trajectories to changes in precipitation 
chemistry (see Oden, 1968) provided the initial basis for concluding that 
acid deposition is caused by human activities and that it is a regional-scale 
environmental problem with long-term adverse consequences. The initial 
series of follow-on studies, primarily conducted by researchers in western 
Europe, concentrated on (1) delineating the effects of acid rain on aquatic 



FIGURE 2 Schematic view of the acid deposition problem. SOURCE: Office of Technology Assessment (1984), 
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Science and Engineering 


1872 - Smith identifies acid rain 


Policy and Regulation 



- Air Pollution Control Act of 1955 provides 
first authority for federal government role to 
conduct R&D and provide training and 
technical assistance to states 


- Clean Air Act of 1963 authorizes federal 
government to mediate state disputes over 
air pollution, if requested 

- Air Quality Act of 1 967 gives federal 
government authority to set criteria for health 
protection, create air quality control regions, 
and recommend control technologies 

- Clean Air Act of 1 970 gives EPA authority to 
set NAAQS, promulgate NSPS, and approve 
SIPs 

- Clean Air Act Amendments of 1 977 
strengthen NSPS sections, provide special 
treatment for high-sulfur coal, include 
provisions for interstate or international 
transboundary pollution 

- President Carter’s environmental message to 
Congress 

- U.S.-Canada MOI to negotiate an agreement 
on transboundary pollution 

- Acid Precipitation Act of 1980 authorizes 
10-year National Acid Precipitation Assess- 
ment Program to identify causes, effects, and 
severity of acid deposition as an environ- 
mental problem 


U.S. rejects Canadian proposal for joint 50 
percent reduction in SOg emissions 


FIGURE 3 Timeline of significant scientific, technical, and regulatory develop- 
ments in acid rain. (Figure continues on next page.) 
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Science and Engineering 


Policy and Regulation 


ICFs Coal and Electric Utilities Model and 
other simulation models indicate that magni- 
tude and uncertainty of control costs increase 
dramatically beyond 8-10 million tons of SO 2 


^1985 


- NRC report reviews existing scientific infor- >- 

mation on long-term trends 

- NAPAP National Surface Water Survey data ► 

indicate, except in high-elevation watersheds, 

lake acidification due primarily to anthropo- 
genic causes other than acid rain 


NAPAP emissions inventory developed for ► - - 

Regional Acid Deposition Model indicates 
data available to implement interstate 
trading features of acid rain control strategies 

1990 


NAPAP State of Science and Technology 
Report and 1990 Integrated Assessments 
released 


- Clean Air Act Amendments of 1990 mandate 
a two-phase, market incentive-based regu- 
latory program to reduce emissions of acid 
deposition precursors 


FIGURE 3 Continued 


ecosystems and forests, and (2) using atmospheric transport models to esti- 
mate source-receptor relationships. 

The Swedish case study prepared for the 1972 United Nations Confer- 
ence on the Human Environment in Stockholm asserted that acid rain was 
due primarily to sulfur dioxide (SO^) emissions from man-made sources— 
predominately coal-fired, steam electric power plants and industrial facili- 
ties — and that it adversely affected ecosystems and human health (Swedish 
Ministry of Foreign Affairs and Swedish Ministry of Agriculture, 1972). 
The Norwegian Interdisciplinary Research Program, commonly referred to 
as the SNSF project, was conducted from 1972 to 1980 and focused on 
establishing effects on forests and fish. Like its Swedish counterpart, the 
SNSF project found conclusive evidence of chemical and biological changes, 
including fish kills and reproductive failure, in lakes and streams that had 
limited capacity to neutralize acidic inputs (Overrein et al., 1980). Anothei 
major research project under the auspices of the Organization for Economic 
Cooperation and Development (OECD) concluded that the acid depositior 
occurring over almost all of northwestern Europe was due to transboundar} 
as well as local emissions of SO 2 . Unfortunately, because of serious prob- 
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lems with the reliability of the available data bases on national emissions 
coupled with the quality of existing atmospheric transport models, the find- 
ings of the OECD study have an extremely large range of uncertainty (±50 
percent) for individual receptor sites (OECD, 1977). 

By the mid-1970s, papers noting declining pH levels and speculating 
about the possible impact of acidification due to sulfate (SO^O deposition 
on aquatic resources stimulated similar concerns about the environmental 
consequences of acid deposition in the United States and Canada (see Beamish 
and Harvey, 1972; Cogbill and Likens, 1974; National Research Council of 
Canada, 1981). Responding to such findings, in 1978 the United States and 
Canada established a Bilateral Research Consultation Group on the Long- 
Range Transport of Air Pollutants to coordinate the exchange of scientific 
information about acid rain. In 1980 the two governments took further 
steps to cooperate in the exchange of scientific, technical, and economic 
information about acid deposition when a set of three bilateral work groups 
composed of government experts in each of these areas was created to 
support negotiations under the U.S. -Canada Memorandum of Intent (MOI) 
concerning Transboundary Air Pollution (U.S. Department of State, 1981). 
The work groups were on impact assessment; atmospheric modeling; and 
emissions, costs, and engineering assessment, respectively. 

Disagreements within the work groups over dose-response functions 
(i.e., the relations between the amount of a substance received and the 
effects it produces) for damage attributable to acid deposition as well as 
over reduction targets were reflected in the final summary reports of the 
technical work groups (see U.S. -Canada Work Groups 1, 2, and 3B, 1982). 
In fact, because of the policy implications of the findings presented in those 
documents, each country conducted its own external peer review. The U.S. 
review was conducted under the auspices of the White House’s Office of 
Science and Technology Policy (OSTP), and both reviews ultimately con- 
cluded that the then available information supported selective reductions in 
SO 2 emissions (see Nierenberg et al., 1984). A separate evaluation of avail- 
able scientific, technical, and economic information conducted by the Of- 
fice of Technology Assessment (U.S. Congress, OTA, 1984) as well as an 
earlier report prepared by the National Research Council (NRC, 1981) reached 
the same conclusion. The public release of these three reports with presti- 
gious scientific imprimaturs was a major reason the Reagan administration 
felt compelled to initiate limited planning for a national strategy to reduce 
acid deposition and shifted away, at least symbolically, from exclusive reli- 
ance on its requirement for further research (Regens and Ry croft, 1988). 

Starting in the early 1980s and continuing throughout that decade, re- 
search on acid deposition expanded dramatically in scope and funding level. 
Unlike the pioneering studies of the 1970s, which focused almost exclu- 
sively on sulfate deposition, what legitimately can be termed “second gen- 
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eration” research addressed the contributions of other precursor pollutant 
especially nitrogen oxides (NO^) and volatile organic compounds (VOCs 
There was also extensive research on control technologies and the effects c 
mitigation strategies. Four major efforts are worth noting: (1) the series c 
reports addressing ecological effects and atmospheric processes prepared b 
the National Research Council; (2) the studies on the effects of adding lim 
to aquatic ecosystems studies by Living Lakes, a nonprofit research grou 
funded primarily by the electric utility industry to assess aquatic mitigatio 
options; (3) the acid deposition research program conducted by the Electri 
Power Research Institute (EPRI); and (4) the National Acid Precipitatio 
Assessment Program. Each contributed to developing and synthesizing in 
formation about the nature and extent of the adverse effects associated wit 
acid deposition as well as the potential scientific, technical, or economi 
efficacy of responses to the problem. 


National Acid Precipitation Assessment Program 

Because of its scale (total expenditures were approximately $530 mil 
lion expressed in current dollars), it is useful to describe briefly the federa 
government’s efforts to develop and synthesize information about acid depositioi 
under the umbrella of the National Acid Precipitation Assessment Program 
The Acid Precipitation Act of 1980 (P.L. 96-294, Title VII of the Energy 
Security Act of 1980) authorized a 10-year research effort, commonly re 
ferred to as NAPAP, to assess possible damage to natural ecosystems, agri 
culture, materials, and human health. The act established an Interagenc] 
Task Force on Acid Precipitation that consisted of representatives from L 
agencies, directors of 4 national laboratories, and four presidential appoin 
tees to plan and coordinate NAPAP’s implementation of a comprehensive 
research plan. The plan was to: 

Identify the sources of atmospheric emissions contributing to acic 
precipitation. 

• Conduct a nationwide long-term monitoring network to detect anc 
measure levels of acid precipitation. 

Delineate the processes by which atmospheric emissions are trans- 
formed into acid precipitation. 

Develop and apply atmospheric transport models for predicting long- 
range transport of substances causing acidic precipitation. 

• Define geographic areas at risk by monitoring deposition to identify 
sensitive areas. 

Build data bases of water and soil chemistry in receptor areas. 

• Develop dose-response functions for effects. 

Prepare integrated assessments of (1) the environmental impacts caused 


ACID DEPOSITION 


173 


by acidic precipitation on crops, forests, fisheries, recreational and aesthetic 
resources, and structures; and (2) alternative technologies to prevent or 
ameliorate harmful effects. 

According to its original operating plan, NAPAP was to provide an 
initial damage assessment with preliminary estimates of acid rain impacts 
by 1985, focusing on the northeastern United States, and two additional 
integrated assessments in 1987 and 1989 to support policymaking. In addi- 
tion, NAPAP’s legislative mandate called for providing annual reports to 
the President and Congress on the status and significance of the continuing 
research effort as well as recommending specific policy actions to deal with 
acid rain. The research agenda and the schedule for the assessments and 
other reporting requirements outlined above were extremely ambitious and 
required a high level of coordination across the participating agencies. 

Results 

After more than two decades of focused research, it seems appropriate 
to ask what scientific, technical, or economic insights have been gained. 
First, the overall chemistry of acid-forming compounds, sources of precur- 
sor pollutants, and the importance of man-made emissions of and VOCs 
in addition to SO 2 as acid rain precursors are reasonably well defined. 
While SO 2 emissions come primarily from large point sources concentrated 
in a relatively small number of locales, emission of volatile organic com- 
pounds (YOC) and oxides of nitrogen (NO^) are more evenly distributed 
among point and mobile sources and are more uniformly dispersed spatially 
among regions. Second, regional models for simulating acid deposition 
transport processes — especially comprehensive, process-oriented models or 
even relatively simple statistical models — are capable of providing consis- 
tent, fairly accurate quantitative information about source-receptor relation- 
ships when projections are averaged over yearly time periods. Third, al- 
though data are insufficient to analyze regional trends in dry deposition, 
time series data for wet deposition reveal that the areas of maximum deposi- 
tion of acid rain in precipitation are located in the northeastern United 
States (see Table 1). Fourth, research on effects, including NAPAP’s Na- 
tional Surface Water Survey, EPRFs Integrated Lake Watershed Acidifica- 
tion Study (ILWAS), and the Living Lakes program, demonstrated that acid 
deposition produces chemical and biological changes in aquatic ecosystems 
that have limited capacity to neutralize acids. Adding lime to surface wa- 
ters or watersheds typically reverses adverse biological, chemical, and physical 
changes in those sensitive aquatic ecosystems. Similar evidence of direct 
effects on terrestrial ecosystems, materials, or human health remains incon- 
clusive or is lacking, but there is a widespread consensus that acid deposi- 
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— (in kilograms p er hectare] 



Eastern U.S. (79 sites) 

1985 

1986 

1987 

1988 

1989 

1990 

Western U.S. (44 sites) 

1985 

1986 

1987 

1988 

1989 

1990 


0.40 

0.39 

0.38 

0.34 

0.38 

0.41 


0.06 

0.05 

0.06 

0.05 

0.04 

0.05 


2.36 

2.34 

2.44 

1.81 

3.09 

3.17 


0.96 

1.07 

1.28 

0.70 

1.35 

1.57 


1.55 

1.29 

1.29 

1.50 

1.44 

1.43 


1.23 

1.18 

1.06 

1.16 

1.18 

1.18 


21.33 
21.57 

20.34 
19.64 
21.45 


13.08 

13.11 

12.79 

12.05 

14.07 


22.06 14.18 


5.25 
5.51 

5.26 

4.72 

4.73 
5.16 


4.09 

4.47 

4.68 

3.83 

4.44 

4.90 


SOURCE, 


107.2 

102.7 

100.9 

95.9 
110.0 

122.7 


61.5 

72.0 

62.1 
56.1 

56.0 

67.0 


visibility rnth eromTcl. to -du 

achieving emissions reductions 

OVERVIEW OF THE REGULATORY STRATEGY 
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and technical aid to state governments eS ^ 

of 1963 (CAA P.L later, the Clean Air A 

emphasis on federal' support ofTcienf^^' continuing the previoi 

the CAA also cxpandflZ lZ T the state 

intermunicipal and interstate ^ facilitator < 

the federal government’s preeminen ^ ^ on the 1963 CAl 

by the Air Quality Act o/ 1967 (PL^Vo” 

government to establish criteria u i ^ authorized the feden 

control regions, and recommend sr!^ ^ designate air qualit 

recommend specftc control technologies for pollulioi 
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abatement, although the states retained standard-setting and enforcement 
responsibility. 

The Clean Air Act Amendments of 1970 (RL. 91-604) gave the federal 
government additional authority to deal with ambient air quality problems 
by shifting responsibility for the standard-setting process from the states to 
the federal government. Three key features of the 1970 amendments are 
relevant to the evolution of the regulatory strategy for managing acid depo- 
sition: 


• The federal government was authorized to promulgate uniform na- 
tional ambient air quality standards (NAAQS) for certain pollutants. 

• The federal government was authorized to promulgate uniform new 
source performance standards (NSPS) limiting emissions from new point 
sources of pollution. 

• The states were required to formulate state implementation plans 
(SIPs), which were subject to EPA review, to attain NAAQS compliance. 

Those provisions potentially provided a framework for limiting emissions 
of acid deposition precursors from new sources under NSPS and existing 
sources under SIPs, but not for regulating acid deposition per se. 

In 1977 the CAA was reauthorized with a new series of amendments 
that had implications for acid deposition control (Clean Air Amendments of 
1977, P.L. 95-95). Reflecting emerging transboundary concerns, several 
sections were included in an attempt to address interstate and international 
effects using the existing SIP process. Section 126 permitted states or their 
subdivisions to seek relief from interstate pollution under section 110(a)(2)(E), 
which theoretically limited emissions from one state that caused ambient 
concentrations in another to exceed NAAQS. Section 115 presumably pro- 
vided administrative procedures for addressing transboundary air quality 
concerns, including noncriteria pollutants. However, the statutory language 
of these sections is vague and, when considered as a set, they have proved 
to be an ineffective remedy. Two other provisions of the 1977 amendments 
also are worth noting: 

• State governors were authorized to mandate the use of locally mined 
coals to prevent severe economic disruption or unemployment. 

• The EPA was required to promulgate a revised NSPS for coal-fired 
power plants that specified a minimum percentage reduction in SO 2 emis- 
sions based on the use of best available control technology (BACT) for 
continuous emission control. 

The 1977 amendments essentially required flue gas desulfurization (FGD) 
for all new coal-fired, steam electric power plants, regardless of the sulfur 
content of the coal used as fuel. 
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Finding an appropriate regulatory response to acid deposition within 
the framework of the CAA emerged as a public policy concern in the Unhed 
States by the late 1970s. In 1979, then President Carter referred to ad" 
precipitation as a global environmental problem of the greatest importance 
m a message to Congress asking for expanded research and development as 
well as possible control measures under the CAA (Carter, 1980) The U S 

hnim? to negotiate an agreement to control trans- 

air pollution and the Acid Precipitation Act of 1980 (P.L. 96-294-) 
ypified the Carter administration’s dual approach to the acid deposition 
problem: research was to be coupled with regulatory action. Thus^ better 

iSeTr r, extensive to*: 

edge base with less uncertainty was not to be used as a rationale to delav 
he transition from research to regulatory interventions. 

Although scheduled for reauthorization once again in September IQSi 
revision of the CAA was delayed throughout the 1980s largely due to con’ 
hoversies about a regulatory regime for acid deposition. olJjO proposals 
dealing with acid ram were introduced in the Congress during thm period 

called for reductions ranging from 8 to 10 million tons in annual SO^emis^ 
sions to be achieved by 1993 using traditional command-Ld control 
approaches (see Regens, 1989; Regens and Rycroft, 1986) The San 
atomisiranon consistently opposed new regulatoty strategy tor ac“ 
d^o men control and argued that legislation was prentamre becauseVSIe 
scientific uncertainties associated with its effects and the potential efficacy 
of any given control strategy. Without administration supporUt f 
Li would mandate a regulatory regime specifi 

Sn?x; " deS'Se 

Because the candidates of the two major parties in 1988 both suonorted 

ecX brlnT"" elecdontmovTS 

it HiH t to the idea of reducing emissions in principle but 

FoJ lamp'JrXrinn agreement on a specific regulatory sLtegy. 

becomeTh. ‘ ® campaign, George Bush expressed the desire to 

conZ ^'^''itonmental President” and promised to propose action to 

ted a prSosrto^"™'ru ^ administration submit- 

approach to refnil t”^" • ^ ^ *^*^^*^ emphasized a market incentive-based 

Sproach that 11 t h'"' traditional command-and-control 

eS T9HhTb f deposition. By 

inp/ ^ cltambers of Congress were working actively on legislation 

Air A "^1 incentive-based strategy and, on November 15 the Clean 
Air Act Amendments of 1990 /'PT ini > luc ^ican 

(see Bchi and Bum^w, 1991, ^ ^ 
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Title IV of the 1990 CAA amendments, the major acid rain provision, 
focuses emissions reduction strategy on the electric utility industry and 
seeks to reduce annual SO 2 emissions from coal-fired electric utility plants 
approximately 10 million tons by the year 2000, with four-year extensions 
in meeting compliance deadlines available for companies that use clean coal 
repowering technology. Phase I will begin in 1995 and affect 110 plants 
located primarily in the midwestern and eastern United States. Phase II will 
begin in 2000 and cap utility SO 2 emissions at 8.95 million tons per year. 
Nitrogen oxide emissions are targeted to be reduced by 2 million tons per 
year by 2000. The EPA proposed Acid Rain Rules in December 1991 that 
cover allowance trading, excess emissions, permits, and continuous emis- 
sions monitoring. The public comment period closed in February 1992 and 
the final rules were released in late 1992. Under its Phase I rules, EPA 
distributed 5.7 million permits, each of which allows a discharge of 1 ton of 
S 02 /year between 1995 and 2000, to the electric utilities operating the 110 
worst polluting power plants in terms of SO 2 emissions. Firms can use their 
allowances to comply with the 1990 CAA, or they can clean up their opera- 
tions and sell their unused permits to utilities with pollution problems, envi- 
ronmental groups, or speculators. The EPA also set aside some allowances 
to be auctioned annually as a way of creating a market, with the proceeds to 
be distributed among those utilities. 

The Chicago Board of Trade (CBOT) held its initial sealed-bid auction 
for allowances on March 29, 1993. Of the 150,010 permits sold in the first 
public auction for prices ranging between $122 to $450 a ton, 150,000 were 
allocated by EPA. Utilities offered an additional 125,000 allowances, but 
only 10 were purchased because the power companies set minimum prices 
that were higher than what buyers offered. The biggest single buyer was 
Carolina Power & Light, which spent approximately $11.5 million to buy 
85,103 allowances at prices ranging from $122 to $171 per ton. Other 
utilities that bought permits included American Electric Power Service, Gulf 
Power, Illinois Power, Kentucky Power, and Mississippi Power. One envi- 
ronmental group, the National Healthy Air License Exchange, also pur- 
chased allowances to reduce the number available and boost prices. 

Separately, the CBOT has developed plans to hold its own quarterly 
auctions of emissions allowances and establish a spot market and futures 
market for the permits. Several utilities already have made private trades. 
For example, Wisconsin Power & Light has sold more than 25,000 of its 1- 
ton allowances to other utilities in private deals at prices ranging from $250 
to $400 a ton. Over time, the market price is likely to rise as compliance 
deadlines approach and emission limits tighten. 
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LINKS BETWEEN INFORMATION 
AND POLICY CHOICE 

Because public policies represent responses to perceived problems, it is 
worth considering whether scientific, technical, or economic information 
developed through NAPAP or elsewhere helped shape the regulatory strat- 
egy that eventually emerged, as outlined above. Early scientific studies 
here and abroad, of course, brought concerns about the causes and effects of 
acid deposition to the forefront as an environmental policy issue. For ex- 
ample, almost two decades of research addressing transport and deposition 
processes pointed out the importance of and need to consider reductions in 
NOjj and VOC emissions, as well as in SO 2 . Insights from engineering 
similarly identified the commercial availability and removal efficiency of 
alternative technologies for reducing precursor emissions by new and exist- 
ing sources. Economic analyses and theory informed the various interested 
parties about the potential costs of various emissions reduction scenarios, as 
well as prospective benefits if the adverse effects of acid deposition were 
ameliorated, including the greater economic efficiency of market incentive- 
based strategies. 

This suggests two related questions. First, what was the relative influ- 
ence of scientific, technical, and economic information in shaping the regu- 
latory program ultimately endorsed by the Congress? Second, did the as- 
sessment activities synthesizing the results from the federal government’s 
large-scale, interagency research program conducted under the NAPAP um- 
brella directly influence the acid deposition provisions in the 1990 CAA 
amendments? A simple but not necessarily carefully reasoned response as- 
serts that the tremendous amount of information per se and NAPAP specifi- 
cally were influential in shaping public policy. In fact, however, there are 
widespread differences of opinion about the overall importance of new in- 
formation in general and of the NAPAP state-of-science-and-technology re- 
ports, or its integrated assessments specifically, for the legislation that ulti- 
mately was adopted (NAPAP, 1991a, 1991b). 

On balance, a reasonably strong case can be made that new information 
(some of which was produced under the auspices of NAPAP) defining the 
scientific, engineering, economic, and institutional dimensions of the acid 
deposition problem was used in both the agenda-setting and formulation 
phases of the policymaking processes. Assertions that “science” (i.e., sys- 
tematic, empirical information) was irrelevant appear groundless. Slightly 
more than a decade ago, in 1980, few Americans identified acid deposition 
as an environmental policy problem. Only three years later, a Harris poll 
found that 63 percent of those questioned were aware of acid rain and 
approximately 66 percent favored stricter controls on SOj emissions. In 
essence, in the early 1980s, scientific inquiry had transformed the acid 
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deposition issue into a public policy question and played a key role in 
placing it on the environmental agenda. 

Results of Assessment Studies 

A number of initial assessment or synthesis studies conducted during 
the early to mid-1980s concentrated primarily on the state of existing scien- 
tific and technical knowledge but also offered some insights into the eco- 
nomics of alternative emissions reduction scenarios. The results were in- 
strumental in identifying regulatory options as well as the nature and extent 
of ecological effects. As a result, those reports were a major source of 
current information for decision makers involved in policy development. 
For instance, when serious deliberations about appropriate policy responses 
to the acid rain issue began in 1980, there were claims that sulfur emissions 
were causing an environmental “catastrophe” that was devastating aquatic 
and terrestrial ecosystems. Counterclaims were being made that acidity was 
primarily from natural sources, was not causing demonstrable impacts, and 
acidification levels were not likely to decrease substantially if emissions 
declined. 

Within the first five years of research by NAPAP as well as independent 
efforts, the policy debate surrounding congressional deliberations recog- 
nized the importance of and VOCs, the localized nature of damage to 
sensitive surface waters, the highly uncertain role of acidification in forest 
diebacks, and the increasing marginal costs of control programs, especially 
for annual emissions reductions greater than 10 million tons. 

Although extensive research conducted by the private sector (such as 
EPRI’s ILWAS project and the Living Lakes program) as well as under 
government auspices was instrumental in characterizing aquatic and terres- 
trial effects, the results of these studies appear to have had a limited impact 
on congressional deliberations and the evolving legislation. The continuing 
controversy surrounding aquatic acidification illustrates this point. While 
they did not say so explicitly, the 1983 and 1986 National Research Council 
reports, especially the water chemistry data presented in the 1986 report, 
fostered the impression that other human activities have much more sub- 
stantial effects on soil and water chemistry than those producing acid rain, 
except in a very few high-elevation watersheds that are otherwise undis- 
turbed by humans. The NAPAP National Surface Water Survey conducted 
during the mid-1980s also yielded late-summer, water chemistry data that 
reinforced the conclusion that addressing lake acidification ought not be the 
primary motivation for legislation (Landers et al., 1987; Linthurst et al., 
1986). While a paleoacidification study of lakes in the Adirondacks con- 
ducted with EPRI funding indicated that most of the lakes with pH values 
below 6.0 had acidified in the twentieth century, which underscores the 
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importance of man-made sources (Charles et al., 1990), the results of this 
study, unlike earlier ILWAS results, were not readily available until recently 
and did not influence the congressional deliberations. As a result, although 
a tremendous number of studies on effects were conducted and many par- 
ticipants in the policy process knew about the findings, the accumulated 
evidence about the nature, rate, and magnitude of damage was not a driving 
force in the congressional deliberations shaping the final legislation. 

On the other hand, appraisals of the existing scientific knowledge about 
atmospheric processes and source-receptor relationships did play a key role. 
OT example, the 1981 National Research Council report was extremely 
influential in defining emissions reduction goals. The report’s recommen- 
ation of a 50 percent reduction in ion deposition to protect sensitive 
aquatic ecosystems was used to justify proposals for a corresponding 50 
percent reduction m SO^ emissions. The 1983 draft critical assessment 
review papers requested by the Clean Air Scientific Advisory Committee of 
Board (EPA, 1983a), the OSTP peer review panel’s 
report (Nierenberg et al., 1984), and the 1984 OTA report contributed to 
heightening awareness of NO^ and VOCs in addition to SO, as precursor 
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Utility Simulation Model (USM) or NAPAP’s Advanced Utility Simulation 
Model (AUSM) tend to produce roughly comparable results when used to 
estimate the control costs of emissions reductions, basic conclusions about 
cost curves were reinforced. 

Figure 4 shows that the models agree on the general shape of the cost 
curve as well as on a dramatic increase in marginal costs (in terms of their 
magnitude and relative uncertainty) for reductions beyond 10 million tons 
of SO 2 annually (see Parker, 1985). The 8- to 10-million ton range, with 
associated costs of $4 billion to $7 billion annually, also coincides with the 
level under the 1.2 Ib/million British thermal unit cap established by NSPS 
at which eastern coal reserves have to be replaced by western low-sulfur 
coal and flue-gas desulfurization. Near-term costs are likely to be at the 
lower end of this range because prices for low-sulfur coal are depressed and 
not likely to increase dramatically given its oversupply. As a result, eco- 
nomic analysis coupled with interregional political realities suggested an 
upper bound target for reductions contemplated in the congressional delib- 
erations. 

Not surprisingly, reflecting the traditional command-and-control approach 




FIGURE 4 Control cost estimates for electric utility emissions reductions. SOURCE: 
Derived from U.S. Office of Technology Assessment (see also Parker, 1985). 
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egy. Because it was an executive branch program, NAPAP could only 
recommend the sitting administration’s program rather than independently 
assess alternative policy choices. This situation frustrated some legislators 
who had hoped to use NAPAP as an independent source of advice during 
congressional deliberations. Instead, with few exceptions, the testimony 
and written documents produced by the NAPAP tended to emphasize scien- 
tific and technical information while leaving value judgments and policy 
implications to others. 

In essence, the NAPAP synthesis efforts failed to exert a direct impact 
on the very policymaking process that provided its formal rationale for 
existence. However, the widely held expectation that Congress would use 
NAPAP outputs “directly” is a naive perspective of how scientific, techni- 
cal, or economic knowledge and policy choice are related. It is incorrect to 
assume that there is a direct link between good science and good policy (see 
Regens, 1984). All environmental legislation reflects personal preferences 
and societal values that shape interpretations of the facts that scientific, 
technical, and economic information provide. Thus, the political process, 
not science per se, dictates how much information is enough as well as the 
conditions under which information guides a given policy decision. When 
viewed in this light, it is possible to clarify why NAPAP ’s influence on 
congressional deliberations was both constrained and largely indirect. 

Several reviews of NAPAP concluded that the lack of well-defined in- 
formation needs coupled with a decentralized management approach tended 
to make agencies willing to seek funding under NAPAP but precluded the 
timely collection of valid, reliable data for risk-benefit analyses as a basis 
for designing a national acid deposition control strategy (EPA, 1983b; NAPAP, 
1991c; U.S. General Accounting Office [GAO], 1987). Why then was sci- 
entific, technical, and economic information in general influential in shap- 
ing the congressional debate while the NAPAP integrated assessments failed 
to play a central role in policymaking? It is important to answer this ques- 
tion given suggestions that NAPAP might serve as a model for future large- 
scale federal research efforts to improve understanding of and guide policy 
development on major environmental concerns, such as global climate change. 

Careful appraisal of the NAPAP experience suggests several possible 
explanations for this outcome. For one thing, policy leaders in the execu- 
tive branch did not establish at the start the priorities for the areas requiring 
additional scientific, technical, or economic information to guide policy 
choices. Moreover, NAPAP lacked true budgetary integration, and much of 
its research, especially in its early years, amounted to little more than simple 
relabelling of existing agency programs to fit under the NAPAP umbrella. 
The joint chairs and NAPAP director had limited control over the design 
and conduct of the scientific research activities, or the assessments, which 
were managed by the individual agencies. As a result, in its early years the 
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extent to which the research effort focused on producing information with 
clearly discemable policymaking value was limited. 

Another constraint on the NAPAP’s effectiveness was the Reagan 
administration’s use of executive branch personnel associated with NAPAP 
to support, through claims of scientific uncertainty, its opposition to imme- 
diate regulatory interventions. Advocates of intervention asserted that the 
use of such testimony did little to instill confidence in science as a means of 
resolving policy choice. This controversy fostered a perception that the 
NAPAP was little more than a delaying tactic by the Reagan administration 
to serve a political agenda and that it was under pressure to support political 
decisions. The acrimony surrounding the executive summary of the 1987 
interim assessment did little to assuage such doubts. Unlike the supporting 
volumes of the 1987 interim assessment report, the executive summary pre- 
pared by Dr. J. L. Kulp, at the time NAPAP’s scientific director, did not 
receive any external peer review. Numerous observers asserted that the 
executive summary offered a highly selective interpretation of the larger 
body of research findings, and its publication caused NAPAP’s assessment 
efforts to lose considerable credibility. This episode illustrates how indi- 
vidual scientists in key positions can color the debate over the proper inter- 
pretation, especially the policy implications, of findings when they advo- 
cate specific policies. 

The NAPAP’s lack of timeliness in producing periodic assessments of 
Ae policy relevance of principal scientific, technical, and economic find- 
ings was a significant shortcoming. In fact, throughout its existence, the 
NAPAP encountered major difficulties in meeting its own deadlines for 
assessment reports. The 1985 preliminary damage assessment was not re- 
leased because of a change in program leadership and management philoso- 
phy. This caused a two-year delay in making the first assessment publicly 
available, and the discredited 1987 assessment further diminished NAPAP’s 
effectiveness in influencing congressional deliberations. By the time the 
post-Kulp leadership reestablished the more open decision processes that 
characterized NAPAP’s first few years and enhanced the program’s assess- 
ment capability, a three-month extension was necessary in order to com- 
plete the final 1990 integrated assessment and it was too late for the final 
assessment to influence legislative outputs. Ironically, the final assessment 
was released in early 1991, several months after acid rain control legislation 
was signed into law on November 15, 1990. 

On the other hand, the NAPAP’s primary scientific and technical con- 
clusions supporting the integrated assessment were presented publicly in 
February 1990 at an international meeting held in Hilton Head, South Caro- 
lina, and the NAPAP had been issuing reports on individual projects throughout 
Its existence. As a result, the major research findings on atmospheric pro- 
cesses, control technology, or effects of acid deposition that might have 
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been useful in designing potential regulatory strategies had gone through an 
open process of peer review and were readily available to the public and 
decision makers. 

Finally, the speed with which public perception of acid rain as a serious 
environmental problem continued to increase throughout the 1980s also 
limited the usefulness of NAPAP’s potential contributions to policy deci- 
sions. The heightened significance of the acid deposition issue generated 
pressure for political action and, when the Bush administration proposed 
acid deposition legislation in 1989, the question of deferring a policy deci- 
sion until NAPAP’s final assessment was released became moot. 


LESSONS FOR ENVIRONMENTAL POLICYMAKING 

Sensitive environmental issues, by their very nature, create controversy. 
Once they find a niche in the policymaking process, the existence of scien- 
tific, technical, or economic uncertainty may forestall action but ultimately 
is not likely to preclude regulatory intervention. Careful assessments of 
existing knowledge that emphasize risk-benefit information, therefore, can 
map out the advantages and disadvantages of available policy options. This 
underscores the need to focus on “policy-relevant” research that reduces 
uncertainty about the probable outcomes of alternative choices. Unless 
research efforts are guided by the appropriate data requirements for inte- 
grated policy assessments, the likelihood of producing useful and timely 
assessments that inform decision makers during, rather than after, congres- 
sional debate is decreased substantially. 

Unfortunately, although the NAPAP experience suggests that mission 
agencies are willing to cooperate in pursuing collaborative research efforts, 
interagency support for policy assessment activities is more difficult to mo- 
bilize and sustain. In large part, this is because the respective agencies have 
different fundamental mandates that, while allowing cooperation in research, 
and create strongly divergent views on issues of policy. Despite such ob- 
stacles, if the following guidelines are adopted, they are likely to increase 
the probability that focused research will produce timely, credible, and use- 
ful assessments to inform environmental decision making. 

• Senior decision makers should identify major policy-relevant ques- 
tions as a guide before research program planning is started. Follow-up 
reviews with those decision makers should be used to update key informa- 
tion gaps and uncertainties in policy choices. 

• The assessment function should “drive” the research function. Ad- 
equate funding and staffing should be provided to integrate assessment ac- 
tivities with research activities. In contrast to the usual pattern of discon- 
tinuing research once a policy option has been selected. Congress recognized 
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the need to evaluate policy outcomes by reauthorizing NAPAP under the 
1990 CAA in a unique effort to document the benefits of the acid rail 
control program. 

• Recognize that the timeline for policy choice within the politica 
system may differ from the optimal timeline for scientific, technical, oi 
economic inquiry. To be of value to decision makers, information must be 
available if it is to play a role in policy formulation. Adapt to this bj 
periodically releasing summaries of the state of knowledge and indicate 
degrees of uncertainty for policy-relevant questions. 

• Credibility is critical for policy assessments. To establish and main- 
tain credibility as well as to confront directly the problem of partisan use oi 
misuse of information and its implications, the operational plan and all 
analytical reports, including executive summaries, should receive external 
peer review. An outside group of experts should serve as an oversight 
board, and meetings should be held regularly with the public, academic 
community, environmental groups, industry, and congressional staff to present 
scientific findings and assessment results. 

Some important lessons in terms of the potential for incorporating new 
information into environmental policymaking can be learned from the acid 
deposition experience. They may be useful in developing policies to ad- 
dress other emergent environmental issues, such as global climate change. 
Those insights are likely to be especially useful if, as some advocate, an 
interagency approach similar to NAPAP is adopted. Such an approach is 
appealing, at least in part, because in the case of NAPAP it provided an 
opportunity for numerous individuals with differing perspectives in the mis- 
sion agencies as well as in the research community to gain a valuable under- 
standing of the dynamics of the environmental policymaking process. 

NOTES 

1. To be consistent with popular usage, the term acid rain is used in this case study as a 
catchall for all forms of acidic deposition, unless otherwise indicated. 

2. Background interviews for this case study were conducted with individuals representing 
a wide range of affiliations: the electric utility and coal industries, U.S. Department of Energy, 
U.S. Environmental Protection Agency, National Acid Precipitation Assessment Program (NAPAP), 
research scientists, congressional staff, and environmental organizations. I assured those inter- 
viewed that they would not be quoted: I feel confident that they were very candid in giving me 
their opinions. 

3. Since acids release hydrogen ions (H+) in an aqueous solution, the level of acidity 
typically is measured by the logarithmic pH scale, with pH being equal to the negative login of 
the H'*' ion concentration. 

4. By convention, the “natural” acidity value for precipitation is assumed to be pH 5.6; this 
is a somewhat arbitrary threshold calculated for distilled water in equilibrium with atmospheric 
carbon dioxide concentrations. 
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Formaldehyde Science: From the 
Laboratory to the Regulatory Arena 


Susan W. Putnam and John D. Graham 


In 1979 the Chemical Industry Institute of Toxicology (CUT), a re- 
search organization funded primarily by a consortium of chemical corpora- 
tions, released the interim results of rodent bioassays indicating that expo- 
sure to formaldehyde (HCHO) causes nasal cancer in rats. This implication 
of the chemical as an animal carcinogen raised immediate questions about 
its potential as a human carcinogen. Over the next decade, several regula- 
tory agencies struggled with the problem of what to make of these data, 
and, ultimately, what to do about formaldehyde. 

While not immediately accepted in all circles, CIIT’s initial bioassay 
data on HCHO ultimately became the foundation of risk assessments used 
by all of the relevant regulatory agencies. The data left many questions 
unanswered, however, especially the mechanisms of carcinogenicity and 
their implications for assessing human risk. In an effort to answer these 
questions, CUT expanded its formaldehyde research program into pharma- 
cokinetics and mechanism of action. These new studies explored biologic 
issues not only in the rat but also in primates, a species more similar to 
humans in physiology and metabolism. Simultaneously, a large epidemiologic 
study provided new insights into HCHO exposure and human cancer. 

The pharmacokinetic and mechanistic data have not been readily ac- 
cepted in the regulatory arena. There also has been controversy over the 
interpretation of the latest epidemiologic information. The question of how 
to interpret all these data in risk assessment has been a hot regulatory issue. 
Should the new methodologies and results be considered established sci- 
ence, acceptable and appropriate for regulatory decisions? 
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Science and Engineering 


Poiicy and Reguiation 


1975 


- Initial CUT bioassay results 



- CPSC bans UFFl 

- ERA (Gorsuch) will not designate 
HCHO a priority chemical under TSCA 


- Court overturns CPSC ban 


- ClTT’s initial delivered dose (DPX) studies 

on rats j — 

- SAB recommends special panel on DPX 

- EPA special panel concludes DPX data 
are premature 

- Blair epidemiologic study 

- CUT’S refined DPX studies, rats and monkeys 

- ClTT’s cell proliferation studies 

- SAB recommends against using DPX data in 
risk assessment 


^1985 



- EPA (Ruckelshaus) prioritizes HCHO 

- EPA draft risk assessment to SAB 

- Court ruling forces OSHA action 

- OSHA lowers standard from 3 ppm 
to 1 ppm 

- EPA finalizes risk assessment 


- EPA updates risk assessment with DPX; 
submits to SAB 

- California HCHO risk assessment 

- OSHA standard to 0.75 ppm 


figure 1 Timeline of significant events in formaldehyde regulation. 


The way in which one interprets the new science can make a big differ- 
ence in human risk estimates. If the new animal results are incorporated 
into risk assessments for formaldehyde using one of the most prevalent 
interpretations of the data, the human risk estimates for the chemical are 10 
to mo times lower than if they are not included. Advocates of the animal 
data champion the scientific advances that they embody; opponents fear the 
data underrate the risk that formaldehyde poses for humans. 

This case study examines the efforts (and reluctance) to incorporate the 
biologic data into the regulatory arena. Tracing the scientific and regulatory 
histories of formaldehyde, the study explores the key issues and current 
debate concerning the appropriateness of the new science for 
tory action. Figure 1 shows the timeline of significant events in the formal- 

dehvde Story. 


BACKGROUND— A UBIQUITOUS AND 
IRRITATING CHEMICAL 


Formaldehyde is an omnipresent and versatile chemical that is pro- 
duced naturally by the human body (Cascieri and Clary, 1992). It is manu- 
factured and used by industry to create a variety of products, such as plas- 
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tics, adhesive resins for plywood and particleboard, permanent-press fab- 
rics, and numerous household products. It is also widely used as an em- 
balming fluid. In addition, HCHO is generated by multiple sources, such as 
incomplete combustion, and the chemical is a major component of cigarette 
smoke. As a consequence, formaldehyde is ubiquitous in the ambient air of 
both indoor and outdoor environments, often in significant concentrations. 

The irritant properties of formaldehyde have long been recognized. 
Consumers exposed to products containing the chemical, as well as workers 
employed in industries using the substance, may be susceptible to irritation 
of the eyes, skin, or respiratory system as a result of exposure to the chemi- 
cal. Because of these irritant effects, much research had been focused on 
the acute toxicity of formaldehyde (National Research Council [NRC], 1980). 

The acute effects of the chemical have been fully acknowledged by the 
regulatory agencies. Based on irritant effects, the Occupational Safety and 
Health Administration (OSHA) adopted, in 1972, a worker exposure stan- 
dard for the chemical of 3 parts per million (ppm) (29 C.F.R. 1910.1000[b] 
Table Z-2). The Consumer Product Safety Commission (CPSC) was simi- 
larly troubled by the irritant effects that consumers were experiencing in 
their homes. Of particular concern was consumer exposure to urea-formal- 
dehyde foam insulation that was being installed in many homes by the late 
1970s to conserve energy. These were often mobile or factory-built homes 
for elderly or low income residents. 

THE INDICTMENT— IS FORMALDEHYDE 
A HUMAN CARCINOGEN? 

Although the irritant effects of formaldehyde were well established, few 
studies had explored the question of the chemical’s carcinogenicity. The CUT 
rodent bioassay was the first persuasive indication of formaldehyde’s carci- 
nogenic potential. The release of the interim bioassay results in 1979 un- 
leashed a new and volatile chapter in the scientific history of formaldehyde. 
The results spawned a wealth of both scientific and regulatory debate. 

The CUT study was a two-year inhalation bioassay exposing both rats 
and mice to several exposure levels of HCHO (Kerns et al., 1983). The 
bioassay results are reported in Table 1. By the end of the study, half of the 
206 rats exposed to the highest concentration of the chemical, 14.3 ppm, 
had developed squamous cell carcinomas of the nasal cavity. Two rats 
developed similar tumors at the next lower exposure level, 5.6 ppm. At the 
lowest exposure levels, no malignant tumors were apparent. Neither were 
there many tumors in the mice, even at the 5.6 and 14.3 ppm concentrations. 
There was an elevated incidence of polypoid adenomas (benign tumors) in 
the experimental rats at all the exposure levels, although no dose-response 
relationship was apparent. 
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TABLE 1 Cancer Incidence in Rodents Following Inhalation 


of Formaldehyde 


— — — 

Number of Tumors/Animals at 

Risk'’ 


Formaldehyde 
Concentration (ppm)^ 

Rats 

Mice 


0 

9 

0/208 (0%) 

0/72 

(0%) 

0/210 (0%) 

0/64 

(0%) 

L 

6 

15 

2/210 (1%) 

0/73 

(0%) 

103/206 (50%) 

2/60 

(3.3%) 


NOTE- Inhalation was for 6 hours/day, 5 days/week. The study was initiated 
with 960 Fischer-344 rats and 960 B6C3F1 mice, evenly divided by sex into 
treatment groups. Duration of the study was 24 months. 


“Target concentrations. Actual average measured concentrations were 0, 

2.0, 5.6, and 14.3 ppm. , ^ 

^Actual number of animals exposed to formaldehyde up to, and including, 

the interval when the first squamous cell carcinomas were found (11-12 months 
for rats; 23-24 months for mice). 

SOURCE: Gibson (1983, p. 297). 


The results of the long-term bioassay experiments were interpreted to 
demonstrate that, at least for Fischer-344 rats (a specific strain) exposed to 
high concentrations of the chemical, formaldehyde was an animal carcino- 
gen. This conclusion was later corroborated by other studies and expanded 
to include the induction of similar squamous cell tumors in different strains 

of rats (Albert et al., 1982; Tobe et ah, 1985). 

The CUT data raised many questions. Of particular concern was the 
nonlinear tumor response as the HCHO concentrations were increased. The 
highest exposure level, 14.3 ppm, was two and a half times higher than the 
next level (5.6 ppm), yet there was a fiftyfold difference in tumor response. 
To complicate matters further, there were no malignant tumors at the lowest 
exposure levels. What did this imply for the shape of the dose-response 
curve, particularly at low concentrations? Did this suggest that a threshold 
exists for the chemical’s carcinogenic activity? Was formaldehyde safe at 

low exposure levels? • u ■ 

Another concern was raised about the paucity of tumors in the mice. 
Were the squamous cell carcinomas specific to the physiology and metabo- 
lism of the rat (e.g., the rat is an obligatory nose breather), or might other 
species have similar tumor responses? With the rat and mouse tumor rates 
differing so greatly, how should the results be extended to other species? 
Most important, given such issues, how should these data be interpreted for 
humans, who were most generally exposed to chronic low concentrations of 
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HCHO, although levels in the workplace and home were often within a 
factor of ten of 5.6 ppm? 


NEW REVELATIONS 

In an effort to answer these and other questions, major scientific inves- 
tigations on formaldehyde continued in several critical areas. Some of this 
research, such as the studies exploring pharmacokinetics and mechanisms 
of cancer, offered groundbreaking methodologies and ideas that were at the 
frontiers of science. Other work, such as the several major epidemiologic 
studies, contributed much larger data sets and analytical power than were 
previously available. Taken together, the studies offered significant new 
insights on the potential human carcinogenicity of formaldehyde. 

Delivered Dose (DPX) 

One of the major areas of formaldehyde research at CUT was pharma- 
cokinetics. Using biochemical methods, scientists can trace the uptake, 
metabolism, and distribution of HCHO in the body, including the interac- 
tion of the chemical with DNA in the target cells of various tissues. 

The first pharmacokinetic studies, performed by Casanova, Heck, and 
their colleagues at CUT, explored the relationship between the amount of 
formaldehyde that the animals were exposed to— the administered dose — 
and the dose of the chemical that actually reached the target tissue cells in 
the rat nose — the delivered dose. Using radiolabeled HCHO, the research- 
ers measured the amount of covalent binding of the chemical to rat nasal 
mucosal DNA and formation of DNA-protein cross-links^ (Casanova-Schmitz 
et al., 1984). It was hypothesized that the covalent binding would not only 
be a surrogate measure of the delivered concentration of the chemical, but 
that it was also related in some way to the observed nasal tumors in the 
original rodent studies. The covalent binding was assessed for acute (6- 
hour) exposures in the Fischer-344 rat. The concentrations of administered 
formaldehyde were similar to those used in the initial rodent bioassay. 

The results of these studies indicated that the delivered dose was not 
linearly related to the administered concentration of the chemical. This 
nonlinearity was particularly manifest for the lower exposures, as Figure 2 
indicates. For example, the concentration of formaldehyde covalently bound 
to DNA at 6 ppm was 10.5-fold higher than at the 2 ppm exposure level. In 
other words, the DNA binding at the 2 ppm level was significantly lower 
than the amount predicted by drawing a straight line from 6 ppm to the 
origin. 

These data were less than ideal for use in risk assessment. It is difficult 
to extrapolate from short-term exposures in small groups of animals to the 
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FIGURE 2 Delivered dose results. SOURCE: Casanova-Schmitz et al. (1984, 
p. 38). 


chronic exposures generally experienced by humans. However, the indica- 
tion of nonlinearity in the DNA-protein cross-link (DPX) data held signifi- 
cant implications for the cancer risk associated with formaldehyde. If these 
data were an accurate representation of the dose reaching the tissue after 
exposure to low concentrations of the chemical, then there may actually be 
less response at low doses than the linear curve predicted. This idea was in 
fact illustrated in a risk assessment performed by Starr and Buck of CUT. 
The analysis, summarized in Table 2, showed that cancer risk estimates 
using the new DPX data were at least an order of magnitude lower than 
those using the administered doses (Starr and Buck, 1984). 

Subsequent studies on glutathione depletion explored the effect of glu- 
tathione as a defense mechanism in the formation of DNA-protein cross- 
links (Casanova and Heck, 1987). Other work examined the “isotope ef- 
fect” in the use of formaldehyde labeling to quantify the DNA cross-linking 
process (Heck and Casanova, 1987), and augmented the measurement of 
this phenomenon by the use of improved experimental procedures and tech- 
nology (Casanova et al., 1989). This new work built upon the initial con- 
cept explored in the earlier delivered-dose studies and developed superior 
measurement schemes to quantify the results. From CIIT’s perspective, 
these additional studies served to further support the nonlinear relationship 
between the administered and delivered doses of the chemical. The CUT 
scientists argued that this relationship may be even more nonlinear than was 
initially perceived. 
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In addition to the pharmacokinetic experiments in rats, CUT researchers 
conducted similar experiments on DNA-protein cross-links in six rhesus 
monkeys (Casanova et al., 1991). Since there are marked differences be- 
tween humans and rats with respect to nasal anatomy and respiratory physi- 
ology, monkeys were selected as experimental subjects in an effort to use a 
species more closely related to humans. The rhesus monkey is biochemi- 
cally and physiologically similar to humans, particularly in the important 
target site areas for formaldehyde (e.g., the nose and upper respiratory tract). 

The results of the monkey studies were quite similar to what was pre- 
dicted using the rat studies and interspecies scaling factors (e.g., body weight). 
There were important differences in the results, however. The monkey data 
indicated a lower rate of DNA-protein cross-link formation than in the rat, 
particularly for the low concentrations of formaldehyde. Monkeys also 
exhibited a wider distribution of cross-links and lesions in the upper respi- 
ratory tract than did the rats (Casanova et al., 1991). 

The monkey DPX data also held significant implications for HCHO 
cancer risks. The lower rate of cross-link formation and larger target area 
in the monkey were used to predict a lower cancer risk for primates, and, 
ultimately, an even lower one for humans than was estimated using the rat 
data. For example, in the 1987 EPA risk assessment for formaldehyde that 
did not incorporate the pharmacokinetic data, the upper-bound risk of hu- 
man cancer at 0.1 ppm exposure was 1.6 x 10’^. In the 1991 analysis, the 
upper-bound risk estimate at the same exposure level using the rat DPX data 
was 2.8 X lO'^ Using the monkey-based data, the risk estimate was 3.3 x 
lO""^. The DPX data, especially those for the monkey, result in a much 
smaller estimate of human risk than do the initial bioassay data: a sixfold 


TABLE 2 

Formaldehyde Risk Assessment'^ 


Exposure 


Maximum 

Likelihood 

Upper 95% 

Level 

Dose 

Estimate 

Confidence 

(ppm) 

Metric 

of Risk 

Limit 

0.1 

Administered 

2.5 X 10''^ 

1.6 X 10-4 


Delivered 

4.7 X 10-® 

6.2 X 10-5 

1.0 

Administered 

2.5 X 10-'* 

1.8 X 10-3 


Delivered 

4.7 X 10-® 

6.2 X 10-4 


^Three-stage multistage model fitted to CUT rat bioassay data using either 
administered or delivered dose as the dose metric. Risk is the lifetime prob- 
ability of a malignant tumor for chronic exposure at the stated level. 

SOURCE: Starr and Buck (1984). 
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decrease with the rat data, a fiftyfold decrease with the monkey data (EPA, 
1991). Other models using the pharmacokinetic data on HCHO consistently 
produce similar or even lower estimates (Starr, 1990). 


Mechanisms of Carcinogenesis 

While pharmacokinetic studies are useful, the key area of scientific 
investigation on formaldehyde involved the mechanisms of carcinogenesis. 
What are the biological mechanisms responsible for the growth of the nasal 
carcinomas in rats? At the heart of the research lay two viable hypotheses: 
mutagenesis and cell proliferation. 

Scientists ascribing to the mutagenicity theory argue that contact be- 
tween formaldehyde and the DNA in cells could induce mutations in the 
critical genes that could ultimately result in the growth of cancerous tu- 
mors. There have been several studies exhibiting the mutagenic potential of 
the chemical (Goldmacher and Thilly, 1983). Proponents of this work sug- 
gested that the nasal carcinomas seen in the rat bioassays may be the result 
of the mutagenic capability of formaldehyde. However, some scientists saw 
formaldehyde as only a weak mutagen (Consensus Workshop on Formalde- 
hyde, 1984). Because the chemical is so highly reactive in the body, it is 
difficult to accurately explore its mutagenic potency. 

Mutagenicity is important in assessing human risk. If one believes in 
the mutagenic capability of formaldehyde to the extreme, then every mol- 
ecule of the chemical has the potential to induce mutations in the DNA with 
which it comes in contact. While cancer development is a multistage pro- 
cess, there may be other processes going on in the body to which the chemi- 
cal exposure adds the final step. Assuming repair mechanisms are imper- 
fect, even low exposures to formaldehyde could induce cancerous tumors. 
No concentration would then be safe for human exposure. Proponents of 
this view argue that there may be a linear dose-response curve; if so, there 
would be some potential risk at even the smallest exposure levels. Although 
there were no tumors seen at the low doses in the animal bioassays, the 
potential for tumors occurring in a larger sample of rats tested at these 
concentrations could not be ruled out. 

Another theory of formaldehyde carcinogenesis focuses on cell prolif- 
eration. Proponents argue that with the increased cell growth and division 
induced by the onslaught of a toxic substance, there is an increased fre- 
quency of spontaneous DNA mutations. Also, because of the high rate of 
cell reproduction, there is less time for DNA defense mechanisms to repair 
the critical mutations that could lead to a carcinogenic response. Elevated 
rates of cell proliferation may enhance both the likelihood of interaction of 
formaldehyde with DNA and the fixation of adducts before DNA repair 
could occur (Monticello et al., 1989). Since cell proliferation is often con- 
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sidered a nonlinear process, the implications for risk assessment are pro- 
found. 

Several studies in the late 1980s and early 1990s (e.g., Monticello and 
Morgan, 1990; Monticello et aL, 1991; Swenberg, 1986) explored this phe- 
nomenon. Researchers at CUT examined the relationship between the rate 
of formaldehyde-induced cell proliferation and the cancerous tumors seen 
in the initial bioassays. The studies demonstrated that acute and subchronic 
exposure to formaldehyde induced nasal epithelial lesions and increases in 
surface cell proliferation rates in rat nasal passages at HCHO concentrations 
of 6 ppm and higher. As Figure 3 indicates, significant elevations in cell 
proliferation rates were not detected at concentrations lower than 6 ppm. 
This result correlated well with the lack of tumors observed below the 5.6 
ppm concentration in the earlier bioassay. Increased cell proliferation rates 
beginning at 6 ppm were also seen in monkeys (Monticello et aL, 1989). 

CUT scientists interpreted the correlation between tumor responses in 
the original bioassay and sustained increases in cell proliferation as evi- 
dence that cell proliferation plays a causative role in the carcinogenic pro- 
cess. If this were the case, then the absence of malignant tumors below the 
6 ppm exposure level may be related to the lack of detectable increases in 
cell proliferation rates. The implication of this hypothesis is that there may 



Formaldehyde Concentration (ppm) 

FIGURE 3 Tumor incidence and cell proliferation in rats exposed to formalde- 
hyde. *Cell proliferation is measured by the mean unit length labeling index at 
nasal level If (fold increase over control). SOURCE: Environmental Protection 
Agency (1991, p. 30). 
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be some level — a threshold level — ^below which no stimulation or increased 
cell proliferation, and hence no cancer, occurs. Like the DPX data, these 
new data suggested a nonlinear dose-response curve for formaldehyde at 
low concentrations. In contrast to those believing in the mutagenic poten- 
tial of the chemical, proponents of cell proliferation argued that exposure to 
formaldehyde may be safer at low concentrations than is predicted by linear 
models. 

Cell proliferation data have as yet been difficult to incorporate into risk 
assessment procedures. Critics assert that while tumor formation as a result 
of HCHO exposure is preceded by increased cell proliferation, increased 
cell proliferation may not necessarily cause tumor formation. Also, the 
current risk assessment process uses mathematical models based on the 
principles of mutagenesis. The models incorporate a linear dose-response 
curve, which projects some level of risk even at very low concentrations of 
the chemical. Preliminary speculation, however, theorizes that if the cell 
proliferation data with their potential threshold level were incorporated into 
the analysis, the risk at low concentrations would be reduced, possibly to 
zero. The risk estimates for human cancer would be lower. Using both the 
cell proliferation and delivered-dose data, the overall implication for human 
risk assessment is that inhalation of small doses of formaldehyde may not 
be as harmful as risk assessors at regulatory agencies had originally pre- 
dicted. 

Another possibility is that cell proliferation exacerbates the incidence 
of tumors at high doses even though mutagenicity plays some role at low 
doses. Mutagenesis and cell proliferation are not mutually exclusive ideas. 
The hypothesis that both these factors play a role is consistent with linearity 
at low doses and curvature at high doses. If both mechanisms are operating, 
the unknown slope of the dose-response curve at low doses is critical to risk 
assessment. 


Epidemiology 

While a variety of studies were being conducted on laboratory animals 
there were several new studies investigating HCHO’s effects on humans as 
well. These epidemiologic studies offered large data sets with which tc 
explore the carcinogenic potential of the chemical, including any nasal tu- 
mors similar to those seen in rats. 

Many epidemiologic studies have been conducted on formaldehyde ovei 
the past several decades. Using both cohort and case-control designs, the 
studies focused primarily on groups of workers in a variety of occupationa 
settings. The results of these studies were interpreted as suggesting tha 
HCHO may be a human carcinogen for certain groups of professionals (Consensui 
Workshop on Formaldehyde, 1984). Based on these studies — in conjunc 
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tion with the animal data — the International Agency for Research on Cancer 
(I ARC) and the U.S. Environmental Protection Agency (EPA) concluded 
that limited evidence existed for an association between formaldehyde and 
human cancer, and classified the chemical as a “probable” human carcino- 
gen. 

As with many epidemiologic studies, however, the human studies of 
formaldehyde were criticized as suffering from certain limitations. The 
major drawbacks were perceived to include small sample sizes, insufficient 
follow-up of the exposed populations, a low statistical power to detect small 
relative risks for rare cancers, and an inability to separate the effects of 
formaldehyde from the myriad confounding substances to which the subject 
populations were simultaneously being exposed — especially cigarette smoke 
and particulates (EPA, 1987). Despite these problems, the epidemiologic 
data base for formaldehyde was much larger than many up to that date and 
suggested directions for further study. 

In an effort to provide more conclusive epidemiologic data on formal- 
dehyde, several large studies were conducted on the chemical in the mid- 
1980s (Blair et al., 1986; Stayner et al., 1988; Vaughan et al., 1986). These 
studies were designed specifically to detect moderate elevations in underly- 
ing cancer risk among populations with HCHO exposure in the workplace. 
According to EPA’s interpretation, all three studies revealed statistically 
significant elevations in the risk of site-specific upper respiratory cancers 
with measures of HCHO exposure (EPA, 1991). These studies were not 
without their critics, however, particularly for their failure to control for 
cigarette smoking. 

The most notable and widely cited of these studies was that conducted 
by Blair and colleagues at the National Cancer Institute, DuPont, and Monsanto 
(Blair et al., 1986). The Blair cohort study followed more than 26,500 
workers (approximately 600,000 person-years of data) in 10 plants that 
either produced or used formaldehyde. The HCHO exposure level of the 
workers varied, probably averaging about 0.5 ppm for the exposed members 
of the cohort as a whole. The study did not control for smoking. 

As shown in Table 3, the results of the study indicated slight excesses 
of cancer in the upper respiratory tract and lungs for persons occupationally 
exposed to formaldehyde. The results also suggested that the risk of cancer 
in the nasopharyngeal and sinonasal cavities may be enhanced with simulta- 
neous exposure to particulates or wood dust. The authors determined, how- 
ever, that the tumors did not show a consistently rising incidence with level 
of exposure. They interpreted the results of the study as providing little 
evidence that cancer mortality was associated with formaldehyde exposure 
at levels experienced by the workers in the plants under focus. 

The new study was not without controversy, however. Some members 
of the study’s external review panel, as well as labor unions and other 
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TABLE 3 Mortality from Selected Cancers 

for White Men 


Cancer 

Observed 

Expected 

SMR“ 

Respiratory System 

215 

53 

192 

112 

Exposed 

Nonexposed 

56 

95 

Buccal Cavity and Pharynx 

18 

3 

19 

96 

Exposed 

Nonexposed 

6 

54 

Larynx 

12 

4 

8 

142 

Exposed 

Nonexposed 

3 

b 

Lung 

201 

49 

182 

111 

Exposed 

Nonexposed 

53 

93 

J 


MnTP- The number of persons mvoivea was --- * 

" c .relive* '^7ft 4Q7 exposed, 100,237 nonexposed. 

Number of person-years of exposure. 378,4y/ exposea, lo , 

• /cxyfp\ ic the number of observed cancers divided by 

crtiTorp- Rlair et al. (1986, from Table 2, pp. 1075-1077). 


rrouos criticized the negative interpretation of the results and accused the 
luthors of collaborating too closely with industry. The lack of a consistent 
lose-response relationship was not seen as detracting from 
oresented by the study. Critics of Blair’s interpretation also arped that the 
Ecally sSnificant excess of lung cancer in workers (who had an expo 
sure latency of at least 20 years) contradicted the authors characteriza loi 
of little or no evidence of carcinogenesis (Jasanoff, 1990)- 

Blair and colleagues subsequently further evaluated some of the ^at. 
They stated, for example, that even though the numbers were small, th 
"Sr^fo. iasopharyngeU cancer suggesmd »ra. s.m»U.neous exposur^, 
formaldehyde and particulates may be a risk factor (Blair et al , 

conclusion was met with opposition as well, ^^“98 

owners of the plant where most of the tumors occurred (Collins et al., 19S 

Despite the controversies that ensued over its interpretation, the Bit 
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The data set yielded by the study is enormous and is still be g 
‘epidero.og.o d.<a hold impor..n. 

were! however, significantly higher than those obtained using the DPX models 
(EPA, 1990). 

THE CONSEQUENCES— THE AGENCIES RESPOND 
To relate the story of regulatory action on HCHO to the new scientific 

- "‘T r eZ r ^ 

the regulatory forefront. urCTencv and controversy into 

r 'T,Td’".„"c‘: X *" 

llamZ suL that in the^absence of adequate human data, replators 
X: rXX.; and valid animal 

d\Xl,Xwas a natural 

The new cancer guidelines, however, required that the agencies taice 

look at the f decisions concerning 

formalderyde were concurrent and highly 
willbe^sep.^^^^^^^^^^ 

confusing. , ucho risk assessment, such as the Interagency Regula- 

Sl WorXTon Pormaldehgde, 
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sake of brevity, this study does not attempt to cover the complete story t 
each agency. Instead, there is an effort to cover the regulatory history me t 
related to the new scientific information at issue. The EPA receives t ; 
greatest focus here because that was where much of the controversy om r 
the new studies ensued. 

Consumer Product Safety Commission 

After the release of the rodent bioassay data, the Consumer Prodt t 
Safety Commission took the most immediate and ambitious regulatory a - 
tion. Buoyed by the conclusion that the chemical should be assumed ) 
pose a carcinogenic risk to humans (Federal Panel on Formaldehyde, 198: , 
the commission banned the use of urea-formaldehyde foam insulation (UFI ) 
in all homes and schools in 1982 (CPSC, 1982). The decision was su - 
ported by a quantitative assessment indicating a risk of up to 1.8 additior 1 
cases of human cancer for every 10,000 homes using urea-formaldehy 5 
foam insulation. The ban was subsequently overturned the following ye r 
by the Fifth Circuit Court of Appeals, on the court’s determination that t ; 
CPSC had failed to support its action with substantial evidence. The coi t 
decision stated that the CPSC had erred in relying solely on the CUT stu / 
to establish the risk of human carcinogenicity (Gulf South Insulation . 
CPSC, 1983). Nevertheless, the early efforts of the CPSC represent i 
ambitious and prompt response to the demonstration of the chemical’s c; - 
cinogenicity in animals. 

The CPSC’s response to the initial CUT pharmacokinetic model a i 
data on formaldehyde, on the other hand, was less than enthusiastic. T 5 
commission’s chief scientist responsible for formaldehyde, Murray Col , 
was one of the most vocal opponents to the use of the initial Casano a 
studies in the risk assessment process. As the lead author of a publish 1 
critique of the CUT studies (Cohn et al., 1985), Cohn was concerned abc t 
both the relevance of the short-term experiments to the chronic exposui s 
experienced by humans and the relationship of the DNA-protein cross-lir s 
to carcinogenesis. Also, he perceived that there was too much “backgrou d 
noise” in the studies to sort out what was really going on. His conclusi n 
was that the methodologies used were weak and that the data were t o 
preliminary to include in the risk assessment process (personal communii .- 
tion with Cohn, 1992). 

With the release of the more recent pharmacokinetic studies, the o ;- 
look of the commission — or at least of its key scientist — has changed. : >- 
day Cohn argues that the new studies incorporate improved procedures t it 
have helped to clear up some of the methodological issues that CPSC v .s 
concerned about in the original Casanova research. The commission 1 is 
not performed an official risk assessment using a pharmacokinetic mo ;1 
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and the new data, but it has done unofficial, back-of-the-envelope analyses 
that do incorporate them. Were a new HCHO regulatory issue to arise, the 
new analyses would be ready to go (personal communication with Cohn, 
1992). 

It remains to be seen whether formaldehyde will resurface as a key 
issue for the CPSC. Urea-formaldehyde foam insulation has been largely 
phased out of the market, as well as removed from many of the homes in 
which it was used. The commission is currently working with industry on a 
voluntary emissions standard for urea-formaldehyde particleboard, but this 
has not required that a formal new risk assessment be done. 

Occupational Safety and Health Administration 

In contrast to the CPSC’s prompt action following the release of the 
bioassay results, the Occupational Safety and Health Administration was 
slower to respond to the CUT data. Leaders at the agency argued that the 
cancerous tumors in the bioassay results appeared at a higher exposure level 
than that faced by humans in the workplace (Graham et al., 1988). It was 
not until a federal district court ordered OSHA to formally consider initiat- 
ing a proceeding for a new permanent rule on formaldehyde — in response to 
a suit against the agency brought by the United Auto Workers (UAW) and 
other groups seeking an emergency temporary standard for HCHO— that *e 
agency took any formal action on the chemical. The proposed rulemaking 
procedure for HCHO that ensued in 1985 was based entirely on the chemical’s 
irritant effects, however, not on its cancer risk (OSHA, 1985). 

It was not until 1987 that the agency used the CUT bioassay data in 
regulatory proceedings, when it lowered its standard for formaldehyde 
from 3 ppm to 1 ppm as an 8-hour, time-weighted average (OSHA, 1987b). 
The agency’s quantitative risk assessment incorporated the CUT data and 
indicated that by lowering the standard from 3 to 1 ppm, the lifetime risk 
of cancer per 100,000 workers would decrease in the range of 70 to 570 
cases. 

The reduction in cancer risk was not inexpensive. OSHA estimated that 
the annual cost of the new standard would be approximately $62 million. 
This cost was judged to be economically feasible, however, based on an 
industry- specific analysis of revenue and profit ratios. The new standard 
was also perceived to be technologically feasible. The agency foresaw that 
many of the industries could pass on some of the costs of compliance to 
purchasers of their products, and the new standard would not adversely 
affect the viability of most of the firms in the relevant industries. Also, the 
new standard was not perceived to have a significant adverse effect on a 
substantial number of small entities nor on the economy as a whole (OSHA, 
1987c). 
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While the 1987 rulemaking process for formaldehyde used the bioass / 
data, it did not incorporate a pharmacokinetic model and the DPX data ir 3 
OSHA’s risk assessments. OSH A asserted that the DPX studies provid 1 
qualitative evidence that HCHO could be a carcinogen, but stated that su i 
information could be used with great caution in quantitatively assess! i 
risk. The agency cited the lack of chronic exposure data, a tumor inciden 3 
in rats inconsistent with DNA binding results, a paucity of data identify! y 
DNA cross-links, and several other issues as reasons for not incorporati y 
the new studies into its analysis (OSHA, 1987a). As with the CPSC, OSP ^ 
had trouble, not with the concept of using the delivered-dose data, but wi i 
the methodologies used in the initial CUT DPX studies. 

The most recent OSHA rule on formaldehyde, issued in May 1992 i 
response to a court remand of the 1987 standard, lowered the standard 1 r 
occupational exposure to 0.75 ppm (OSHA, 1992). Using the same ri c 
assessment developed in 1987, the agency estimated that from 0.2 to I 
cancers (depending on whether the maximum likelihood estimate or t 5 
upper confidence limit was used) would be avoided over the next 45 yea 5 
with the standard lowered to 0.75 ppm. Again, while there was a substant: 1 
cost to industry, the standard was judged to be both economically and tec - 
nologically feasible. 

As in 1987, OSHA again did not include a pharmacokinetic model r 
the DPX data in its analysis. The agency stated that its reasons behind tl 3 
omission remain the same as they were in 1987. Moreover, since advocat 3 
of the new studies did not claim that they would justify a different standai , 
the agency did not believe that it was necessary or appropriate to reopen t ^ 
rulemaking record to include them (OSHA, 1992). 

In essence, OSHA has decided that, at least for now, the 1987 ri : 
assessment without the pharmacokinetic model is sufficient. Redoing t j 
risk estimates with the new data would require reopening the rulemak! ; 
process. Such an action is financially draining on both the agency and t j 
other parties involved. The agency worked with industry and the releva t 
unions to resolve the problems with the 1987 standard and to develop a nt f 
standard that was economically feasible and satisfactory to all parties, f 
the agency were pressed into new rulemaking procedures in the futu] , 
industry would undoubtedly push for including the pharmacokinetic moc I 
and DPX data. While industry has so far been able to accommodate t j 
increasingly restrictive OSHA regulations for HCHO, it would use the m f 
data to defend its position that no further reductions in emissions standar 3 
are necessary (personal communication with Formaldehyde Institute, 199- . 
As it stands, however, industry is anxious to achieve regulatory certair f 
and seems willing to live with the current risk assessment (personal comm • 
nication with OSHA, 1992). 
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Environmental Protection Agency 

From the perspective of the new scientific studies and how to interpret 
them, the regulatory story on formaldehyde is perhaps the most interesting 
at the Environmental Protection Agency. Under the Toxic Substances Con- 
trol Act of 1976 (TSCA), the EPA is authorized to regulate chemicals pos- 
ing an unreasonable risk to health. The agency was slow to act on the 
initial bioassay data for HCHO, however. 

Under Administrator Anne Gorsuch, the agency elected not to designate 
formaldehyde as a priority chemical under Section 4(f) of TSCA and did 
not initiate any regulatory activity. In 1983 the agency sponsored a work- 
shop of experts on the chemical in an effort to evaluate the available data 
and reach some consensus on HCHO. The group failed to resolve key 
technical disagreements, however, and could not agree on the carcinogenic 
properties and potential of formaldehyde (Consensus Workshop, 1984). It 
was not until the following year, after William Ruckelshaus had taken over 
as administrator and the agency was facing a lawsuit from the Natural 
Resources Defense Council and the United Auto Workers, that the EPA 
reconsidered its decision and assigned high priority to HCHO. 

The designation of formaldehyde as a priority chemical spurred the 
agency to take action on several fronts. One of these was the initiation of a 
continuing regulatory investigation into exposure to HCHO in homes. Over 
the next several years, risk managers at EPA explored various control op- 
tions for the chemical and the attending costs for these options. 

In conjunction with the risk management strategy, the agency simulta- 
neously developed a quantitative risk assessment of the health effects of 
formaldehyde, using both the CUT bioassay data and the available epidemio- 
logic studies. Written by the Office of Toxic Substances (OTS), the 1985 
analysis concluded that the chemical should be seen as a carcinogen in rats 
and, based on epidemiologic data perceived as “limited,” may be a human 
carcinogen (EPA, 1985). 

With the high levels of scientific uncertainty surrounding the chemical 
and its colorful history, the EPA sent the risk assessment document to its 
extramural review panel, the Science Advisory Board (SAB). One of the 
key issues of concern to OTS was how to interpret and incorporate the 
model using the pharmacokinetic data on formaldehyde into the risk assess- 
ment process. The agency had chosen not to include this model, but was 
seeking advice on the issue. 

The Environmental Health Committee of the SAB gave the document a 
generally favorable review. Its response to the issue of incorporating a 
pharmacokinetic model and data, however, is of particular interest. Several 
members of the review panel were familiar with the CUT studies and strongly 
believed that a model using the data should be incorporated into the analy- 
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Sis (Transcript of Environmental Health Committee meeting 19 
The SAB recommended that a special review panel, independent of 

formed to evaluate the pharmacokinetic data (Environme 
Health Committee, 1985). ^ ™ 

In collaboration with a scientific consulting firm, Life Systems 1 
the EPA convened a panel of seven scientists from a variety of discioli'ne 
review the CUT pharmacokinetic studies. The group was to review the 
data to determine whether they were appropriate both for use in assess 
the health risks of formaldehyde and for incorporation into the risk assl s 
ment document (Life Systems, Inc., 1986). In January 1986 the panel - 
leased its report, which was very critical of the CUT research. Of oartici tr 
concern were the assumptions and procedures used in the pharmacokin( ic 
studies, particularly the analytic methods used to measure the tissue dose >f 
the chemical. While recognizing that the work represented an import it 
first step toward the introduction of intracellular dosimetry into the r k 
assessment process, the report concluded that the research did not provide a 
basis for quantifying risk (Life Systems, Inc., 1986). CUT scientists cc 
tested the panel’s conclusion, to no avail (Casanova et al., 1986). 

In 1987 the OTS issued a final risk assessment document (EPA 198' 
Again a pharmacokinetic model and the DPX data were not included / ’ 
though several members of the Science Advisory Board, as well as Cl 
scientists did not agree with the conclusions of the special panel, the El 
heeded the panel s recommendation that the data should not be used for ri 
thTd f agency maintained its original position that the use 

fcceoSi “T” <DiC«rio. undated). The agen, 

hvde'^over te OTd “ woifcing document and shifted formald 

hyde over to OTS risk managers to develop policy options for reducir 
potential residential cancer risks (Putnam, 1991). 

• sending their options analysis to senior EPA decision makei 

in formahi°r7"’ explored what further developments had emerge 

m formaldehyde science. They wanted to ensure that the office was fami 
lar with the latest data on the chemical. Believing that the recent pharma 
shoui?he were important, the OTS decided that the risk assLsmer 

data ^ ‘o include a pharmacokinetic model and the new CIT 

1 assessment document released in 1991 the OT' 

determined that the more recent CUT research had clarified most of th< 

X^uTh 'P®®i^I panel. They concluded that 

use ^n risk ^ the pharmacokinetic data, theii 

dim m il' ^PP"®Priate. This decision to incorporate the DPX 

WMle the'maS th epidemiologic data. 

While the Blair and other large studies provided more human data than had 
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previously been available, the OTS determined that there were still not 
enough epidemiologic exposure data to quantify a dose-response relation- 
ship for the chemical and, hence, it could not calculate low-dose human 
cancer risk (EPA, 1991). To make the risk assessment as biologically plau- 
sible as possible, the OTS strongly favored the use of the DPX data (per- 
sonal communication with OTS, 1992). The OTS also recognized the im- 
portance of the new cell proliferation data, although the authors determined 
that they could not yet incorporate these data into their current risk assess- 
ment models. 

Again the OTS sent its risk assessment document to be reviewed by the 
Environmental Health Committee of the agency’s Science Advisory Board. 
In an initial consultation (a less formal review), many of the members of the 
panel reported favorably on the document and its use of a pharmacokinetic 
model in the analysis. The document and its review were mired in contro- 
versy, however. The Science Advisory Board was criticized by the United 
Auto Workers and other environmental groups as being unbalanced in scien- 
tific opinion and institutional representation, and biased in its meeting pro- 
cedures. Of particular concern to these groups was what was perceived to 
be a heavy weighting of panel members who favored the use of a pharmaco- 
kinetic model and the DPX data, and a lack of members with an epidemiologic 
background. 

The Environmental Health Committee met for formal review of the 
formaldehyde risk assessment update in July 1991. This time the panel 
included three new members, each of whom was known to have a conserva- 
tive view on the use of a pharmacokinetic model in the risk assessment 
process. The incorporation of such a model and the DPX data was clearly 
one of the most contentious issues at the meeting, and the panel had a 
difficult time trying to reach consensus (personal communication with SAB, 
September 1992). 

The SAB report presented a mixed picture. The panel recognized the 
advances brought by the pharmacokinetic data, but stated that the use of 
delivered dose measures in quantitative risk assessment remained equivocal, 
except as a measure of exposure. It also pointed out that because of weak- 
nesses in the epidemiologic data, such as possible confounding with simul- 
taneous exposure to particulates, only point estimates with extensive uncer- 
tainties were likely to be available. The report recommended that the risk 
estimates based on the DPX data be compared with those derived from the 
most appropriate epidemiologic studies, such as the Blair study. The panel 
advocated that the risk assessment document should present estimates and 
models based on rats, monkeys, and humans, and then compare the advan- 
tages and disadvantages of each data source and model (Science Advisory 
Board, 1992). 

On the EPA regulatory front, risk managers at OTS realized that the 
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incorporation of the pharmacokinetic model and DPX data into the ris 
assessment would lower the estimates of human cancer risk for exposure 1 
formaldehyde. This would in turn lower the perceived benefits of stron 
regulatory action, at least for those exposed to the low levels typical! 
found in homes. The OTS risk managers began to focus on identifyin 
potential risk reduction actions for HCHO oriented to avoiding noncanc( 
human effects in residential settings. 

Most recently, while the OTS is working on the latest version of th 
risk assessment document, risk managers have also been pursuing a reguh 
tory strategy to address the issue of indoor air quality posed by HCH< 
emissions from urea-formaldehyde pressed wood building materials, cab 
nets, and furniture. This includes supporting the revision of the emissior 
standard set by the American National Standards Institute for urea-forma 
dehyde particleboard flooring products from 0.3 to 0.2 ppm (Greenwooc 
1992). 


THE STATES ENTER THE RING 

The risk assessors at OTS were not the only regulatory proponents c 
the biologic data for formaldehyde. While the EPA and its Science Adv; 
sory Board were struggling over the appropriateness of the data for th 
agency’s risk assessment, the state of California released its own assessmer 
of the health effects of the chemical. This document similarly explored th 
use of the new biologic data to estimate HCHO’s cancer risk to humans. 

Like the most recent EPA document, the California analysis used th 
DNA cross-links (although California used only the rat DPX data) as a 
indicator of tissue dose. The risk assessment also explored the use of ce 
proliferation data in developing a range of risk estimates. The authoi 
concluded that the use of these data yielded a more accurate risk assessmei 
(California Air Resources Board, 1992). 

The California analysis incorporated a variety of different assumption 
than the analysis done by the EPA. One of the key assumptions involve 
the use of tumors in the analysis: the EPA focused specifically on nas^ 
cancer from the rat data; California tried to account for other cancers in th 
respiratory tract as well as lung cancer using the rat data and animal-tc 
human scaling factors (personal communication with California Air Re 
sources Board, 1992). The resultant unit risk for a lifetime of exposui 
estimated by the analysis — 7 x 10'^ ppni“^ — was several times higher tha 
those proposed by the federal agency. Moreover, the California analysj 
used only the rat data, not the monkey data, for the interspecies extrapoL 
tion to human risk. 

California has been criticized for its interpretation of the new biologi 
data in its risk assessment. Of particular note is the belief by several CII 
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scientists that California misused their data in the risk models. For ex- 
ample, critics have argued that the California model has a strong co"S®rv 

tive bias and overpredicts the human risk libels ol 

results from such factors as the model s overprediction ^ 
served in rats exposed to low formaldehyde concentrations, the inMtspecies 
SwoUtL procednres used in the model, and the failure to adequate y 
account for formaldehyde’s effects on cell replication in target tissues (Star , 
1991). Furthermore, the critics chided the California model hismg^d^ 

In a the monkey DPX data. While EPA’s risk assessment was parallel with 
“developed by Starr and others at CUT, California chose to incor- 
porate different assumptions and modeling techniques. 

The California Air Resources Board has declared HCHO a toxic air 
contaminant. The risk assessment has gone to the state s Offi 
"Law for review. What regulatory action, if any, the state will ulti- 
mately pursue remains to be seen. 

THE DEBATE 

From almost the moment the first pharmacokinetic data were released 
they generated controversy in the scientific and regulatory ^ ^ ^ 

iss4 was how the results of the studies were to be interpreted 'ise in 
quantitative risk assessment. Sides were quickly chosen over ^he her the 
La should be used in these analyses to evaluate the risk that formaldehyde 

^°^L^LrcIf SLarly pharmacokinetic data were quick to take issue with 

many of the methodological and design StT- 

nents challenged the relevance of the short-term studie 

mates associated with the chronic exposure protein 

were also concerned not only about the measurement of the DNA protein 

cross-links but also about the relationship of the 

The critics argued that this relationship had not been defined for formalde 
nnr indeed for other chemical carcinogens. , . i 

Despite the fmther studies that have been critics” rt 

nharmacokinetic and mechanistic data for the scientific debate, critics re 

Lin. Opponents^ contend that while the science of 

reasonable and promising field in principle, the data on f^^'^Lki- 
nnt vet of sufficient quality to permit the incorporation of a pharmacoki 
netiLodel into formal risk analyses. They argue that while the scientific 

methodologies are improving, the DNA adduct "ivcn 

not vet strong enough to be included in human risk estimates. Also, giv 

the uncertainties about the data that still remain, ’^raL L 

new analyses using these data may not be any closer to the truth than the 
Lvious work. Critics contend that if we base risk estimates on the DPX 
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data, and they turn out to be incorrect, we might be seriously underestimat 
ing human risk and endangering the health of the population. 

Champions of using a pharmacokinetic model and the new data, oi 
the other hand, perceive the additional information as bringing us closer t( 
the truth. They argue that the DPX data significantly improve our under 
standing of what is happening to the tissues in the body. Because of th( 
naturally occurring defense mechanisms, such as mucociliary systems, then 
is little covalent binding at the lower exposures. However, as the concen 
trations increase, the defense mechanisms saturate and the amount of form 
aldehyde reaching the DNA increases disproportionately. These data yielc 
a more accurate measure of dose, and in turn provide for a more accurate 
risk assessment. Furthermore, the glutathione and isotope research im- 
proved many of the earlier methodological issues and unknowns with the 
data, the monkey data support the effects seen in the rat and have the 
potential to serve as a more appropriate species surrogate for humans; and 
finally, chronic DPX studies are currently being conducted with results 
soon to be released. 

Proponents of the cell proliferation data similarly profess the impor- 
tance of the data. They argue that carcinogenesis is a multistage process, 
Sustained cell proliferation, which fixes unstable adducts into mutations, is 
necessary to get cancerous growths. Just as the DPX data support the view 
of a nonlinear relationship between administered and delivered dose foi 
formaldehyde, the cell proliferation data posit a nonlinearity in the dose 
response curve. Proponents argue that it is important to be as realistic as 
possible and incorporate this nonlinearity into the risk assessment process, 
not just rely on the customary defaults of the current risk assessment mod- 
els — such as the no-threshold, low-dose linear response curve assumed with 
mutagenesis. While the cell proliferation data are currently difficult to 
incorporate into the risk assessment process, the champions of the data 
assert that it is important to develop new models and paradigms that would 
facilitate their use. 

In the regulatory arena, risk assessors may be reluctant to use the new 
data in their risk analyses. Regulatory agencies have traditionally taken a 
conservative stance, choosing to err on the side of being overly protective of 
human health. They may be hesitant to use the new data, knowing that the 
resultant risk estimates will be smaller than if the data are not incorporated. 
This lowering of the risk estimate is particularly pertinent to the low-dose 
exposure levels typically faced by chronic human exposure and traditionally 
the focus of regulatory policy. Furthermore, risk assessors receive little 
guidance on what data to use in their analyses. Legislative mandates gov- 
erning the agencies do not provide many criteria as to when to depart from 
the traditional models and data sets and incorporate new information into 
the risk assessment estimates (Rosenthal et al., 1992). 
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OBSERVATIONS 

The formaldehyde case offers a number of interesting observations on 
the use of new science in the regulatory arena. The first of these observa- 
tions illustrates an apparent mismatch between the generation of new sci- 
ence and regulatory decisions. As the HCHO case 

decisions may be only weakly influenced by new data. The CPSC ac 
promptly on the initial CUT bioassay data, but it took a federal court deci- 
sion for OSHA to finally use the bioassay data in its risk assessment and 
rulemaking process. Although it is now 14 years since the publication of 
CUT’S bioassay results, the EPA still lacks a settled regulatory P° ° 
HCHO. None of the three agencies has yet officially incorporated the new 
findings on HCHO into their risk estimates or regulatory decisions. 

The second point of interest centers on the observation that much of the 
debate about the new information concerns not the validity of the new sci- 
ence, but how to interpret it for risk assessment and regulatory use. For 
example, some scientists interpret the lower rate of ^NA-protem 
formation and larger target areas seen in the monkey DPX data (as opp 
to the rat) as predicting a lower cancer risk for primates and, 
lower one for humans than was estimated using the rat data. Other scien- 
tists however, have interpreted these same data with their larger target area 
as supporting the observation of upper airway and lung cancer in peopb 
seen in the Blair study, in contrast to the nasal 

bioassays. This interpretation of the monkey data would lead to a higher 
cancer risk for humans than that estimated from the rat data. 

This matter is further complicated by the problem that several pieces of 
the new data-from different scientific disciplines-appear to be jn oppose 
tion to each other. A prevalent interpretation and use of the DPX data 
lowers the risk estimates for human cancer; a prevalent interpretation of the 
epidemiologic data raises the risk estimates for human cancer. In essence 
use of different pieces of the new information results in contrasting ns 
estimates. Those on one side of the scientific— and regulatory— debate can 
cite some of the new scientific information in defense of their views, whi e 
those on the other side cite other pieces of the new data 

Unfortunately, the debate over the interpretation and regulatop^ use ot 
the new science on formaldehyde is also tainted by how the numbers play 
out in the risk assessment process. It can be argued that because thyncor- 
poration of a pharmacokinetic model and the DPX data may tower the risk 
estimates, red flags were immediately raised in several camps^ 
with protecting human health in the regulatory arena worried about the new 
data because they may tower the estimated risk of exposure to forina e- 
hvde. While supporting the use of new science in principle, their job ulti- 
mately compels them to oppose towering the risk estimates if there remains 
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any uncertainty in the interpretation on which they can base their argume 
Similarly, industry representatives welcomed the new data as support! j 
their position that exposure to formaldehyde at current levels is “sah ” 
perhaps even overly protective. Had the numbers played out in the oppos ; 
direction, it is possible that the players would have taken different sides i 
the regulatory debate. 

Although the resulting risk estimates should not ultimately affect scie - 
tists’ perception of the data, it is difficult to imagine that scientists c i 
always divorce themselves from the results of the analyses. In a perfc t 
world, scientists are solely interested in the generation and interpretation f 
“good” science, regardless of other issues such as their sponsorship or he / 
the numbers play out — which may be the case with many scientists todt 
Unfortunately, the possibility exists that, while scientists may not be in - 
mately involved in the politics of the regulatory arena, they may have i 
inherent level of conservatism that dictates their perspective on new dai 
It is unfair to speculate on potential differences in the scientific debate we ; 
the risk assessment numbers to be more conservative using the new dai 
but it is impossible not to wonder about it. 

A third observation involves the source of the new data. Much of tl ; 
DPX and cell proliferation data on formaldehyde emanated from the Chert ■ 
cal Industry Institute of Toxicology, a research institution supported large - 
by industry dollars. Not only did the data come from a single institute, b ; 
the funds to develop them flowed from industries with a distinct interest i 
lowering the risk estimates for the chemical. On the one hand, one cou 1 
argue for more studies from diverse institutions to either refute or corrob • 
rate the CUT data for a more balanced generation of the science. But, < i 
the other hand, the size and cost of these types of studies make such a wii i 
somewhat unrealistic. Because industry has such a large stake in formald 
hyde, companies are willing to support major research operations on tl ; 
chemical. It is unlikely that government agencies would have either tl ; 
resources or the personnel necessary to undertake such projects. 

CUT scientists are also ardent advocates of using the new science 
risk assessment. In many of the papers describing their studies, CUT r 
searchers fervently champion the incorporation of the study results into tl 
risk assessment and regulatory process. They are proud of the work th 
they have done on HCHO and would like it to be used to further the regul; 
tory process as well as the scientific environment. Several of the scientis 
have developed risk assessments themselves using the latest available dat 
and CUT scientists frequently attend public hearings (such as SAB mee 
ings) on the data. 

A fourth key observation is the level of “politics” involved in incorpi 
rating new science into the regulatory arena. This issue is well illustrate 
by the SAB panel review of the 1991 EPA risk assessment on HCH( 



formaldehyde science 


213 


Initially, in its preliminary review of the document, the panel supported the 
agency’s use of the DPX data. The SAB, however, received much criticism 
from the UAW and others who opposed the DPX data and who had an 
important stake in not lowering the human risk estimate. Several additiona 
members were subsequently added to the SAB panel, and, at the new review 
of the risk assessment, the group was split on whether to incorporate the 

DPX data 

Also, not only is the clout of powerful interested players of note here, 
but why the UAW would get so involved with an agency that has on y 
secondary jurisdiction in areas concerning occupational risk. One 
speculate that if the debate over the new data were to disappear and the EPA 
were to use them, then maybe OSHA would similarly feel compelled to 
incorporate them in its next risk assessment as well. If this were case, 
perhaps it would be in the best interest of the labor unions to protect eir 
flanks and to discourage the use of the new data at a variety of points in the 
regulatory process, not just at OSHA. 


CONCLUSION 

The path that new scientific information travels from the laboratory to 
the regulatory arena is neither straightforward nor predictable. The time- 
table involved is often a long one. Numerous 
uncertainty, technical feasibility, and economic and political 
found and entangle the incorporation of new science into the decision- 
ing process. Furthermore, there are a myriad of players who interact with 

and complicate the process. . 

In the simplest or “naive” depiction of this process, new science gets 

incorporated into agency risk assessments of the relevant risk. These ns 
assessments then become the basis for regulatory decisions (see c 4T 
In an ideal world, it would be nice if the regulatory process were as simple 
and efficient. Regulatory reality, however, tells a different story There are 
numerous perturbations that can disrupt and convolute this simple model. 

The first complication to the model arises from the fact that science can 
bypass the risk assessment process and directly influence regulatory deci- 
sions (Figure 5). The scientific data, such as the HCHO epidemiologic 
data, may be difficult to quantify and incorporate into a fomal risk assess- 
ment While risk assessors may disagree over the quality of the science and 
its acceptability for their analyses, the mere existence of the new science 
may perturb risk managers to worry about the “truth of the issue at hand. 
Moreover, the development of new science may serve to slow down the 
regulatory decision-making process, while risk assessors and risk managers 

debate its regulatory appropriateness. , .u + 

The regulatory model can be further complicated by the role that addi- 
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FIGURE 4 Naive model of regulatory process. 


tional groups play in the process. One key player to interact in the mo ;1 is 
the courts (Figure 6). The courts can interact with the regulatory deci on- 
making process by influencing either the risk assessment stage or regul ;ory 
decisions. Many regulatory actions — or inactions — frequently land i the 
courts, where judges ultimately decide their legality and appropriate sss. 
The formaldehyde case demonstrates the power of the courts on se sral 
fronts. For example, the federal district court forced future regulator ac- 
tion by ordering OSHA to consider formally initiating a new rulemi ing 
process for formaldehyde, in response to a suit brought against the a^ acy 
by several groups seeking an emergency temporary standard for the cl mi- 
cal. On the other hand, the court of appeals overturned CPSC’s 1982 ban 
on urea-formaldehyde foam insulation, ruling the CPSC had failed to up- 
port its action with substantial evidence. As illustrated in the HCHO ise, 
the courts can be either a compelling or an inhibiting force in the regul ory 
process. 

Another key influence in the process is the prevailing presidential )hi- 
losophy. This philosophy can impact the process again at either the isk 
assessment or decision-making stage (Figure 7). It can also impac the 
courts through presidential appointment of judges. The influence of i jsi- 
dential philosophy is clearly depicted in the formaldehyde case throug the 
“regulatory reduction” ideology of the Reagan administration. At both 0 dA 
and EPA, agency leaders following this ideology were slow to act on E SO 
in the early 1980s. It took powerful influences — the courts in the ca of 
OSHA, agency turmoil resulting in a new administrator in the case of El 
to spur regulatory action at the agencies. The Republican antiregul ory 



FIGURE 5 Model of regulatory process: Complication #1. 
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FIGURE 6 Model of regulatory process: Complication #2. 


philosophy further permeated the process, however, by requiring that the 
Office of Management and Budget (and later the Council on Competitive- 
ness) approve potential agency regulations. 

A fourth complication to the naive regulatory model is presented by the 
powerful influence of various interest groups. These groups, such as indus- 
try associations or public interest advocates, can impact the model at nu- 



FIGURE 7 Model of regulatory process: Complication #3. 
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figure 8 Model of regulatory process: Complication #4. 
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Perhaps the ultimate issue illustrated by these models and their increas- 
ing complications is, Who decides when new science should be incorpo- 
rated into the regulatory process? Who converts science on the “frontier” 
into “settled” science, acceptable for risk assessment and regulatory deci- 
sions? Is it the agencies — the risk assessors, the risk managers? Is it an 
external panel of scientists who reach some consensus on the data’s accept- 
ability? Should Congress legislate what scientific methodologies or data 
sets must be used? Should it be left up to the courts to decide? There will 
always be debate over what science is acceptable or what methodologies are 
valid. Furthermore, as the new OSHA standards for formaldehyde illus- 
trate, regulatory actions do not come cheaply; there are significant eco- 
nomic as well as health issues involved in using or not using new scientific 
information. The issue ultimately becomes twofold. First, who is qualified 
to make these judgments? Second, who will be held accountable for the 
consequences of these judgments? 

NOTES 

1 . When cells are exposed to formaldehyde, there may occur a cross-linking between DNA 
and proteins in the cells. These cross-links can then be counted as a measure of the HCHO 
dose that has actually reached the cells — the delivered dose (as opposed to the administered 
dose). 

2. The views expressed here on the most recent formaldehyde biologic data by both oppo- 
nents and proponents of the data were gathered from informal personal communications with a 
number of scientists knowledgeable on the issue, many of whom wished their comments to 
remain anonymous. This includes comments on the new data from some of the panel of 
scientists originally interviewed for their opinion on the initial pharmacokinetic data (Casanova- 
Schmitz et al., 1984) in Hawkins and Graham (1988). 
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The Dioxin TCDD: A Selective Study 
of Science and Policy Interaction 


John A. Moore, Renate D. Kimbrough, and Michael Gough 


The term dioxin refers to any one of 75 chemicals that have the same 
basic chemical structure but vary in the number and location of their chlo- 
rine atoms. This case study focuses only on TCDD, which is shorthand for 
the prototypical dioxin, 2,3,7, 8-tetrachlorodibenzo-p-dioxin (Figure 1). Re- 
lated compounds, such as other dioxins or dibenzofurans (a structurally 
related class of chemicals) did not influence the issues highlighted in this 
paper and are omitted from most of the discussion. Current scientific 
thought is that dioxin and dibenzofurans may exert their biological (toxico- 
logical) effects through a common mechanism. 

This paper briefly describes three activities that involved TCDD to 
illustrate the interface between scientific information and policy decisions. 
These are the registration of 2,4,5T for use as a pesticide; the military use 
of Agent Orange and the Veterans Administration (VA) activities relevant to 
that use; and setting state water quality standards for TCDD in the Clean 
Water Act. Figure 2 summarizes the sequence of events. 


MEDICAL AND SCIENTIFIC DATA 

The dioxin TCDD is not a commercial product. It is a contaminant 
formed in the manufacture of certain commercial chemicals and a product 
of the combustion of certain materials. Its toxic potential was first reported 
by Schultz in 1957. He identified TCDD as the causative agent in the 
development of a skin disease, chloracne, in chemical workers involved in 
the production of 2,4,5-trichlorophenol. 
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FIGURE 1 

Trichlorophenol was a feedstock for the synthesis of other chemica such 
as hexachlorophene and the herbicide 2,4,5-T (2,4,5 trichlorophenox; icetic 
acid). The amount of TCDD formed during the production of 2 ,‘ 5 tri- 
chlorophenol depended on the chemicals used in synthesis and the te pera- 
ture of the process; some TCDD levels were in the range of 1 to 30 pt ts per 
million. The amount of TCDD contained as inpurities in hexachlor )hene 
and 2,4,5-T depends on how much was present in the original trichloro; lenol. 
Because hexachlorophene had medicinal uses, a purified form of trichlorc henol 
was used in its synthesis and TCDD concentrations were in the rs ge of 
only a few parts per billion. 

Animal Studies 

Concern about the health effects of TCDD remained narrowly i cused 
on relationships between occupational exposures and chloracne unt 1970 
when teratology studies with 2,4,5-T indicated that exposure to p: gnant 
mice resulted in the production of cleft palates in offspring (Courtne; et ah, 

1970) . Additional studies (Courtney and Moore, 1971; Sparschu 5t al., 

1971) soon revealed that it was the TCDD impurity in 2,4,5-T t it ac- 
counted for the vast majority of the teratogenic or fetotoxic respo ses in 
mice and rats. In subsequent years a number of studies confirnr d and 
extended the developmental toxicity observed with TCDD. In a lition, 
studies with TCDD that spanned three generations reported adverst repro- 
ductive effects (Murray et al., 1979). 

Several years later, a number of male veterans who served in etnam 
expressed concern that birth defects in their children were a conseqn nee of 
their military exposure to Agent Orange, a mixture of the herbicide! 2,4, -D 
(2,4 dichlorophenoxyacetic acid) and 2,4,5-T. To investigate the po; ibility 
of a causal association between exposure to Agent Orange and birth ifects, 
an extensive study was performed in male mice. In these studif , high 
doses of Agent Orange, and TCDD, were employed — sufficient t cause 
mild toxicity in the mice. Nonetheless, fertility was not impaired ind no 
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Science and Engineering 


-TCDD identified as causing the 

occupational skin disease, chloracne 

- Rachel Carson publishes Silent Spring 


1945 

1950 

1955 

► -- 

1960 


Policy and Regulation 


- 2,4, 5-T registered as a pesticide by USDA 


- Initial laboratory studies report 2,4, 5-T — 
as teratogen. Role of TCDD established 

- TCDD from chemical waste implicated in 
illnesses in horses (and possibly children) 
in Missouri 


- Concern about miscarriages in Alsea, Oregon _ 

- TCDD a carcinogen in laboratory studies 

- Love Canal 


- Alsea, Oregon II study associates 
miscarriages with herbicide spraying _ 

- Epidemiology study associates soft 
tissue sarcoma in humans with 
exposure to herbicides 


- Herbicides first used in Vietnam 
■ - Use of Agent Orange begins in Vietnam 


1965 


X — Spraying of Agent Orange peaks in 


1970 —1 


1975 


- Seveso 5-year report— no ill effects 

- Times Beach, Missouri buyout — 


Vietnam 

USDA reduces domestic uses of pesticide 
2, 4, 5-T 

L- - Use of Agent Orange ends in Vietnam 


- ERA announces it was considering 
cancellation of all uses of pesticide 2,4, 5-T 


1980 


- Ad hoc expert committee advises ERA that — 
linearized model for cancer is inappropriate 

- ERA scientific group recommends moderating 
cancer risk estimate 


- ERA SAB finds no new science data to 
support change in cancer risk estimate; 
critical of current cancer model 


1985 


- Banbury Conference supports a receptor- ■ 
mediated event for dioxin activity 

- Fingerhut epidemiology study published 

- ERA initiates review of dioxin risks 

- P.L 102-4, “Agent Orange Act” enacted 


- 1990 -^ 


- lOM/NAS starts review of evidence associating ■ 
herbicide exposure with disease in Vietnam 
veterans 


- ERA suspends use of 2,4,5-T. Vietnam 
veterans start class suit 


- Vietnam veterans class action suit settled 
for $180 million 

- ERA cancels 2,4,5-T registration 


- Vietnam veterans compensated for soft 
tissue sarcoma, porphyria, non-Hodgkin’s 
lymphoma, and chloracne 


- ERA “approves” other approaches to estimates 
of TCDD risks 


FIGURE 2 Timeline of significant scientific, societal, and regulatory events in- 
volving the dioxin TCDD. 
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association with birth defects was discovered, since the incidence oj off- 
spring with birth defects was similar to that seen with untreated mice (1 imb 
et al., 1981a,b). 

Another important health study was reported in 1978. In a long erm 
study in rats, an increased incidence of tumors was associated with T DD 
exposure (Kociba et al., 1978). These results were soon confirmed by ther 
studies in mice and rats; currently there are well over a dozen res urch 
publications associating TCDD with the development of cancer in ani: als; 
it is generally held that TCDD “promotes,” as opposed to “initiates, the 
expression of a carcinogenic response, probably through some form ol lor- 
monal interaction. 

Epidemiological Studies 

Epidemiological studies of the effects of TCDD in humans are a lost 
exclusively investigations in males. For example, there are no defii tive 
human studies of reproductive and developmental effects in women ex) >sed 
to TCDD. The one study of exposures to women in and around Se eso, 
Italy, after TCDD contamination, did not demonstrate an increased ri c of 
birth defects (Mastroiacovo et al., 1988). However, the statistical pov r of 
the finding was limited by the size of the study population. 

Most of the studies done to date have focused on male Vietnam ’ ;ter- 
ans, the Air Force personnel that applied Agent Orange in Vietnam (0 era- 
tion Ranch Hand), or workers whose occupation(s) resulted in exposi e to 
TCDD. 

In response to veterans’ concerns about birth defects, the Cente: for 
Disease Control (CDC) undertook a case control study using data fro: the 
Metropolitan Atlanta Congenital Birth Defects Program. This CDC >irth 
defects study was designed to determine if Vietnam veterans were fatl ring 
children with a higher incidence of birth defects. The potential risk ; ctor 
being investigated was service in Vietnam, not TCDD exposure, p' se, 
since there were no records that allowed such a distinction. The :udy 
results did not establish an association between service in Vietnam id a 
higher incidence of birth defects in children (Erickson et al., 1984). 

The Ranch Hand studies, which are continuing, are the most tho mgh 
in breadth and frequency of medical surveillance. The study focus 3 on 
the 1,200 persons that were part of the Ranch Hand operation, ra ging 
from pilots and crew that flew the missions to the ground personne that 
serviced the aircraft and handled the storage and loading of Agent Oi nge. 
These individuals periodically receive a thorough medical examin don, 
and fertility is followed as are incidence of disease and cause of i ;ath. 
Thus far, these studies show no patterns that indicate a health deti nent 
due to TCDD exposure. Significant associations between serum ( oxin 
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levels and variables related to lipids (fats that are not soluble in water) 
were found. Since TCDD is soluble in lipids, the association may reflect 
a difference in the pharmacokinetics of TCDD in different subsets of the 
Ranch Hand population. 

Many individuals in the Ranch Hand study were found to have elevated 
TCDD levels in their blood serum (Air Force Health Study, 1991), providing 
objective evidence of the degree of past exposure to Agent Orange or possi- 
bly other herbicides containing TCDD that were used in comparatively small 
quantities in Vietnam. Other researchers have reported increased TCDD 
levels in adipose tissue (fatty tissue) in veterans who were associated with 
herbicide application in Vietnam (Schecter et al., 1989). In contrast, studies 
of veterans of ground warfare in Vietnam have not reported increased levels 
of dioxin (CDC, 1988). 

In the absence of an identifiable group of ground warfare veterans ex- 
posed to TCDD, several studies have compared the health of Vietnam veter- 
ans with that of other veterans. One of those studies reported a service- 
related increase in non-Hodgkin’s lymphoma, which is unrelated to exposure 
to TCDD (Selected Cancers Cooperative Study Group, 1990). This increase 
in incidence was higher among men in the sea-based Navy, a group that is 
not believed to have had exposure to either Agent Orange or TCDD. No 
significant adverse effects have been reported in other studies (CDC, 1988; 
Kahn et al., 1988; Kang et al., 1991; Gough, 1991). 

Harden and coworkers (Ericksson et al., 1981; Ericksson et al., 1990; 
Harden et al., 1979; Hardell, 1981; Hardell et al., 1981) studied agricultural 
and forestry workers and reported a positive association between exposure 
to chlorinated phenols or phenoxy acid herbicides and an increased inci- 
dence of soft tissue sarcoma or non-Hodgkin’s lymphoma. Others have 
failed to confirm these findings in agricultural and forestry workers (Woods, 
1987). The reports of Hardell and coworkers are most directly contradicted 
by an examination of TCDD levels in New Zealand herbicide sprayers. 
Although the New Zealand men have elevated levels of TCDD, there is no 
evidence of any health effects resulting from their exposure to herbicide. It 
was reported that dioxin levels in patients who were part of HardelTs stud- 
ies were similar to those in control patients who were undergoing gall blad- 
der surgery (Rappe et al., 1984) Another publication from the same group 
of Swedish investigators reported that there was no difference in the levels 
of TCDD or the pattern of other chlorinated dibenzodioxins and dibenzofurans 
in adipose samples collected from cancer (soft tissue sarcomas or lymphomas) 
patients classified as “exposed” to phenoxy herbicides and a group of con- 
trols that had no history of phenoxy acid herbicides (Nygren et al., 1986). 
The authors of the New Zealand study conclude that the associations re- 
ported by Hardell et al. are almost certainly in error (Smith et al., 1992). 

A combined mortality study of chemical workers from twelve different 
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with the least in-house technical capability. There may be times when in- 
house capability is an impediment to action. However, it is also relevant 
that the CPSC decision was overturned in the courts for lack of scientific 
support. 

Science advisers are used by many agencies to facilitate communication 
of technical information. Richard Morgenstern, the acting deputy adminis- 
trator of EPA, observes elsewhere in this volume (p. 247) that the type of 
science advisory mechanism that has served EPA in the past “should be 
expanded to encourage scientists and engineers to make best judgments on 
unresolved technical issues.” 

Peer review is another mechanism to both facilitate communication and 
provide some quality control over the technical information used to make 
policy decisions. The EPA Science Advisory Board for a number of years 
has provided some peer review of the science used in regulatory decisions, 
and the agency recently has moved to stricter requirements for peer review 
of scientific data. 

The cases seem to indicate that most of the regulatory agencies make 
little use of various forma! techniques for dealing with uncertainty or other 
aspects of decisions, In effect, they seem to lack in-house capability in the 
decision sciences despite the fact that they are repeatedly faced with the 
situations and problems for which the methods of decision science were 
developed. 

The inrergovernmental dimension. In the U.S. federal system, one fac- 
tor affecting the relationships between the technical community and the 
regulators may be the level of government that makes the regulatory deci- 
sion. The cases contain a good deal of information about interactions among 
the different levels of government but, typically, the cases deal with differ- 
ent types of interactions in different circumstances and suggest different 
conclusions. 

In the municipal waste combuster case, the authors conclude; “Our 
findings suggest that the type of technical and scientific information used 
may be different at each level of government . . . local regulatory agencies 
have the most to gain by seeking and requiring the most stringent air pollu- 
tion control and the highest standards for operation of facilities, regardless 
of actual risks associated with these facilities” (pp. 128-129). The authors 
of the Chesapeake Bay case note the same disregard of scientific data but 
draw an opposite conclusion with respect to stringency: “In contrast to the 
perspective of federal officials and reports by local scientists and citizens’ 
groups, state officials in Maryland insisted that the Bay was doing just fine 
. , , . Thus, the governing body responsible for the implementation of 
nutrient control plans, the State, was least receptive to scientific evidence 
indicating the early stages of Bay-wide eutrophication” (p. 15). In both 
cases, roles are reversed at different stages — sometimes the federal govern- 
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merit is most receptive to new information and urges the most stringent 
standards, sometimes the state is most receptive and stringent. 

The authors of the ozone case study observe that, “where California has 
assumed a leadership role, it seems to have encountered fewer barriers to 
action, acceptance, and implementation than has the federal government" 
(p. 86). It seems doubtful that state officials in Maryland or Virginia re- 
sponsible for the Chesapeake Bay would agree. About the only certain 
conclusion that can be drawn is that the intergovernmental dimension is an 
important variable in understanding the regulatory process. 

Courts. Surprisingly, the cases deal very little with the role of the 
courts, although many environmental regulatory decisions are finally de- 
cided by litigation, as are the schedules for administrative action. The 
courts have their own difficulties dealing with technical information, and in 
recent years experiments have been performed using scientific advisers to 
judges, panels of expert technical witnesses that can be used by a judge, and 
other methods to facilitate the objective use of technical knowledge in the 
courtroom setting. 

Sequencing. Robert White notes that, “We need to build into the struc- 
ture of the regulatory system means for reconsidering earlier decisions if 
and when our understanding changes sufficiently to call earlier decisions 
into question” (p. 5). The same theme is sounded in the ozone case (p. 85): 
“Where circumstances require action, such as smog conditions in the South 
Coast Air Basin, the waiting time for research results exceeds the time 
practically available for taking the aclionfs). Resolution of this dilemma is 
exceedingly difficult. One option is to design actions that can be carried 
out in sequence, instituting more stringent controls with lime, as needs 
warrant. The results of research can then influence the ‘action sequence as 
they become available.” 

Policies can be structured to allow the introduction of new technical 
information. Although the requirement that National Ambient Air Quality 
Standards be reviewed every five years has not been adhered to, neverthe- 
less it has served as a prod for the regulators to consider new technical 
findings. The provisions of the Vienna Convention on Stratospheric Ozone 
have worked effectively to adjust regulatory requirements rapidly to chang- 
ing scientific understanding. 

Regulatory negotiation. Two of the case studies suggest that formal 
negotiation among interested parties to develop a regulation can facilitate 
incorporation of technical information. The authors of the municipal waste 
combustor case state, “If negotiations were to become a standard compo- 
nent of a regulatory process, stakeholders would have a more controlled and 
focused opportunity to provide EPA with information in an atmosphere of 
cooperation” (p. 135). However, the cases do not actually show whether 
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this is true in practice. Regulatory negotiation was not used in the combus- 
tor case. It was used to deal with a rule on the by-products of water 
disinfection, but the case study was completed before the accomplishments 
of the negotiation could be evaluated. 

Several other groups are examining proposals to improve the use of 
technical information in environmental regulation and policy. Organiza- 
tions such as the National Academies of Sciences and Engineering are a 
continuing presence in this area while groups such as the Carnegie Commis- 
sion on Science, Technology, and Government and the World Wildlife Fund's 
National Commission on the Environment have recently focused on the 
connection between technical information and policymaking. The attention 
that the issue is receiving should result in concrete steps toward improving 
the science-policy relationship. 

CONCLUSION 

Robert White writes in his introduction: “The primary question of policy 
is tills; Does the current environmental regulatory system strike an appro- 
priate balance between dynamic change and stability?" (p. 6). The case 
studies generally indicate that the answer may be ‘no,* although as I have 
tried to show, the question is in reality very complex and does not lend 
itself to simple answers. 

As important as any overall judgment is an understanding of how the 
regulatory process actually deals with technical information. Such analysis 
leads to other questions. For example, the authors of the formaldehyde case 
state: “Perhaps the ultimate issue ... is who decides when new science 
should be incorporated into the regulatory process” — agency risk assessors, 
risk managers, external scientific panels, Congress, the courts? (p. 217) 
The case studies provide a good starting point for considering this and 
related questions, They move us away from rhetoric and toward an empiri- 
cal base for addressing some of the most important underlying questions of 
environmental policy. 


NOTES 

1 . See U.S. Environitiemal Protection Agency, Office of Policy Analysi-s, Unfinished Busi- 
ness (Washington, D.C., February 1987); and U.S. Environmental Protection Agency, Science 
Advisory Board, Reducing Risk (Washington, D.C., September 1990). 

2, Editor’s note: Tlie three reports referred to here arc William A. Niercnberg et nl., Reparr 
of the Acid Rain Peer Review Panel (Washington, D.C., Office of Science and Technology 
Policy, 1984); National Research Council, Aimospliere-Biosphere Interac/ians: Toward a Bel- 
ter Understanding of the Ecological Consequences of Fossil Fuel Comlnistion (Washington, 
D.C., National Academy Press, 1981); and U.S. Congress, Office of Technology Assessment, 
Acid Rain and Transported Air Poilutanls: Implications for Public Policy (Washington, D.C., 
Government Printing Office, 1984). 
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